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CU iPTKR I 



IMRODLCTIOS 

A.I Beatue du diable of the fascinating variety of things that Mfil 
our universe may be largely attributed to the most captivating aesthe- 
siogen: the colour. The man, since the advent of civilization, has always 
enjoyed colour. Captivated most by its fascination, he has ever since tried 
to duplicate the colours of nature and has exploited them in a number of 
ways. Ancients used coloured substances of natural origin to decorate their 
skin, fabrics and other materials. However, the choice was limited. It was 
only in the nineteenth century that man succeeded in synthesizing the 
coloring substance in the Chemist’s laboratory. Today, the colourants 
having eveiy colour of the rainbow and their various hues and shades have 
been synthesized. In many cases, the man has improved over nature and 
given mankind not only many new substances with colours and shades but 
also those that are lar more superior. 

A. 1 DEVELOPMENTS IN THE HISTORY OF COLOLJ RANTS: 

Even though its ^peal has only been aesthetic, colour has 
increasingly been called upon to sell products and so vast industries are 
now dependent upon the availability of artificial colourants. Clothing’s, 
carpets, well paints, plastic veneers, colour photogr^hs, medicine, food 
and what not, all contain colouring substances. Throughout the history of 
man, dyes and pigments, both natural and artificial, have been important 
articles of commerce. Consequently, considerable interest has been shown 
in the theoretical and empirical evaluation of relationship between their 
colour and molecular structure. The widening are^ into which the coloms 
now intrude have accentuated this interest. In fact, colour - structure 
relationships are now of value to the scientists working in many seemingly 
unrelated disciplines. Save apart business and industry, dyes and pigments 
enjoy their applications in science^ biology^, medicine engineering, 
architecture and technolgy^^'^, art. 

Philosophyand psychology^^ and above all, moden living as we see 
every dry day . Liquid crystal systems, high energy radiation sensors and 
organic dye lasers^ are recent examples of wried uses of synthetic 
colouring matters. But the burden to meet the ever-increasing demand of 
artificial colourants cons^uent iq3on a bewildering range of their 
applications rests with the humble organic chemist. 
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In the ancient times the materials used to produce colours were few 
in numbers and were obtained from vegetable sources. The three most 
prized colours were the blue indigo, the red madder and the yellow of the 
saffron. Other colouring matters were those of animal origin. ‘Tyrian 
Purple’ obtained from a small snail ‘Murex Bandaris’ found near Tyre was 
so costly that it was available only to those of high status. Henace its name 
‘Royal Purple’. Then there was ‘Cochineal’ obtained from the dried body 
of female insects cacti;. These along with some other natural products 
constituted the dyeing material of those times. 

AJ SYNTHEnC COLOV RANTS 

The properties of natural coloumats were far from ideal, and 
together with their limited availability from sources of supply, 
encouraged the early search of synthetic dyes with superior properties and 
availability in plenty. However, only a few additions couldn’t made to the 
existing natural colourants until the rise of the modem synthetic dye 
industry 41 during the closing years of the nineteenth century. 

The modem multi billion doUar synthetic dye-stuff industry owes its 
initiation to the academic research due to Perkm*^ and the vigorous efforts 
by such leading organic chemists as Haffinann , Baeyer , Caro , Griess , 
Graebe , Liebermarm , Otto fischer , Emil fischer , NietzJd'^^ and a host of 
others. Later however, research chemists more closely concerned with 
industry largely carried out the development of new organic dyes some of 
them are Sandmeyer , Heumann , Schmidt , Green"*^ etc. 

PICRIC ACID was bom to Woulfe in 177 1 as the first synthetic dye 
by the action of nitric acid on natural Indigo. Not until 1885 was a 
technical method introduced to prepare it from coaltar AURIN, the 
ROSOLIC ACID, became in 1834 the first coaltar dye reported by 
Ferdinand Runge. It along with usual mordants produced the red colours 
and lakes that rivaled those produced from natural dye cohineal and 
Alizarin. Yet neither of these compounds were being manufactured on a 
commercial scale. The unreliability of supply and the heavy cost was the 
cause. That, for the little knowledge about the components of coal tar and 
that for Kekule’s theory of stracture of benzene was not proposed until 
1865, Ringe’s experiments couldn’t be extended. As early as 1843, 
Hoffman had observed that anilme prepared at the time gave red colours 
under certain conditions, hi 1856, Perkim^ oxidized aniline sulphate with 





potassium dichromate and obtained a purple dye called MAUVE. Mauvine 
or aniline purple was the first dye to be manufactured commercially. It was 
the sensation of 1862 World Exhibition in London. The first coal tar dye 
caught on and the race for new dyes and colours began in right earnest. 
From a waste product the coal tar was transformed into a commodity of 
immense use. Synthesis of martins yellow, caro’s induline blue and 
Hoffman’s violet followed quickly and was accepted widely. The 
discovery that the colouring matter could be prepared by the oxidation of 
aniline led to the study of belmviour of this base towards various oxidizing 
agents. Soon, thereafter, the bright red dye FUCHSIN was prepared in 
1859 by Verguin in lyons, fiance by the oxidation of aniline by tin 
chloride, which made an even greater impact than the MAUVE. After 
Hoffman showed that FUCHSIN is a derivative of tri phenylmethane , this 
class of dyes was investigated extensively and came into widespread use. 

The discovery of early synthetic aniline dyes was necessarily the 
result of intuitive following of clues derived from fortuitous experiments 
since the constitution of even benzene was unknown.ln the year 1865 
Kukule published his theory of the structure of benzene and thus paved the 
way for elucidation of the structure of organic compounds aromatic in 
nature and for the development of dye industry on a rational basis. The 
artificial dyes although more brilliant, were less permanent than the natural 
dye chemists set out to work analyzing the structure of the natural 
products"*^^®. 

The structure of Aliarin, the popular red dye from the route of 
madder, was quickly determined in 1868 by Carl Graebe and Carl 
Liebermann^*, to be a derivative of anthracene. Benzene, naphthalene and 
anthracene are colourless products of coal tar distillation. By simple 
chemical addition of chromophoric groups^^ beautiful dyes can be created. 
This finding in the 19* century excited the fashion world to colourfull 
fantasies. Graebe and Liebermann^^ in 1868 afforded the synthesis of 
alizarin. In 1869, Graebe, Liebermann and Peildn were able to achieve its 
commercial production. This followed the manufacture of a family of 
alizarin like dyes with different colours. In 1871, Baeyer prepared 
FLUORESCEIN and in the same year caro prepared Eosine after the start 
of commercial production of resorcmol. While the attention of the chemists 
were directed towards the synthesis of alizarin, another class of dyestuffs, 
the azo dyestuffs, appeared in the market in 1876. Griess had already 
synthesized azo compounds in 1862 and one member of group BISMARK 
BROWN had aheady been prepared on the conunercial scale since 1863. 
In 1875 Caro discovered CHRYSOIDINE and indicated the technical 
value of the Griess method of preparing the azo compounds. 
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When azo dyestuffs were first introduced, it was considered that only 
orange and yellow colours could be obtained in this series. This idea was 
dispelled by the discovery of FAST RED A by Caro in 1878.Thus we see 
that Heinrich Caro^ contributed much to the synthetic dye industry. 

By the turn of the century, in 1879 the oldest known colouring 
matter indigo was synthesized by Baeyer and was put to commerce in 
1880. However, Karl Heumann^^ achieved successful industrial production 
of synthetic indigo 1890. Baeyers Indigo synthesis marked the begging of 
the chemical industry and led to the development of organic chemistry 
whose economic strength was then recognized. Thus was bora the 
chemical industry^^. 

Since then the progress in the field of dyes has been very rapid 
Here is a list of new milestones: Direct dyes from azo compounds for 
cotton were introduced in 1880; sulpur colour from coal tar derivative in 
1893; anthraquinone dyes, vat dyes in 1901; azoic dyes or ice colours in 
1911; acetoanilides in 1923; phthalocyanines in 1934; fluorescent 
brightening agents in 1940 and fiber reactive procion dyes in 1956. Thus 
natural dyestuffs were almost completely displaced by synthetic 
colourants. Fundamental research on new dyes is constantly in 
progress and thus synthetic dyes are dominating the field now. Today 
the industry occupies an important place among the major chemical 
industries. 

A.4 DYESTUFFS AND PIGMENTS : DEFIMTHIS 

A dye-stuff is mostly an organic compound, which may be used to 
impart colour to a substance. It may be used as for the colouring of animal, 
vegetables or synthetic fibres and similar products such as wool, cotton, 
silk, linen, rayon, fur, leather, paper, nylon, or other materials such as oils, 
waxes, rubber and plastic. In these cases, the dyes may form a chemical 
union with the substance being dyed or it may become associated with it in 
an intimate physical union. Dyes, which are more or less soluble in water 
or may be made so simply, by a simple chemical reaction such as 
reduction, generally are used for dyeing and printing of fibers and related 
materials. Dyes of solvents, oil, waxes or plastic are either soluble in these 
media or else so finely divided that may be effectively dispersed 
throughout to give high colour strength. These insoluble colouring 
substances are called pigments^®\ 
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Fundamentally all the organic dyestuffs are classified in the following 
two ways: 

1 . Based on method of application of the dyes. 

1 . Based on the chemical constitution of the dyes. 

The first classification of dyes is very usefiil to the dyers who are 
mainly concerned with the process of dyeing. Moreover, this classification 
gives the various method of dyeing various fibers with different dyes. 
Thus, the dyes are classified into the following categories; 

(i) Acid dyes, (ii) Basic dyes, (iii) Direct dyes, (iv)Mordant dyes, (v) 

Ingrain dyes, (vi) Vat dyes (vii) Sulphur dyes, (viii) Synthetic fiber dyes 
and (ix) Other synthetic dyes. 

The second classification is mainly useful for those chemists who 
are mainly interested in chemical constitution of the dyes. O.N.witt was 
die first who suggested a classification of the dyes according to 
chromophore or the essential colour producing group present in the dyes. 
But a number of dyes contain the same chromophoric group and so it 
became necessary to adopt a classification on the basis of the characteristic 
structural groups present in the dye molecule. This chemical classification 
divided all the dyes into the following principal groups put under two main 
classes; Homocyclic hetro ring absent and Hetrocyclic- atleast one ring 
present. 

(AiHemocvclic elves: 

(a) Anthraquinone dyes, (b) Azo dyes, (c) Azomethine dyes or 
benzlidene dyes, (d) Diphenylmethane dyes (e) Ethylenic dyes, (f) 
Ketoimine dyes, (g) Nitro dyes, (h) Nitroso dyes, (i) Pyarozolone dyes 
(j) Quinonimine dyes and (k) Triphenylmethane dyes. 

(B) HETROCYCLIC DYES: 

(1) Acridines, (m) Azine, (n) Azoxy and nitrosostilbene dyes, (o) Flavones, 
Indigoids, (q) Oxazine dyes, (r) Quinoline dyes: (i) Cyanines (ii) 
Isocyanmes, (iii) Pynacyanols, (iv) Dicyanines, (v) Carbocyanines; (s) 
Sulphur dyes: (i) Thiazine dyes, (ii) Thiazoles, (iii) Sulphur blacks; (t) 
Phihalocyanines, (u) Xanthen dyes: (i) Fluorones, (ii) Phthaleins, (iii) 
Pyronines, (iv) Succineins, (v) Rosamines, and (vi) Rhodamines. 
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There is no uniformity in naming of the synthetic dyes. In most 
cases they bear the name given to them by their manufacturers. 
Furthermore, each dyestuff may have a number of names or different dyes 
may be known by the same names. In the colour index of the society of 
Dyers and colourists however each dye is given an individual nuber 
called the colour index Number abridged as C.I.No. 

ALEISS: 

These dyes are the subject of the present woric, which were first 
discovered by Baeyer*^ in 1872 as a new class of dye. He prepared 
GALIEN, FLUORESCEIN and PHENOLPHTHALEIN by condensing 
phthalic anhydride with p 5 TogalIol; resorcinol and phenol respectively in 
the presence of a dehydrating agent like sulphuric acid or zinc chloride. 
Baeyer established that the parent member of the group phenolphthalein 
was dihydroxy derivative of phthalophenone which in turn could be 
degraded to triphenylmethane. Thus, he illustrated that phenolphthalein 
was a derivative of triphenylmethane. Following analogous arguments^®^ 
for fluorescein and for similar dyes called rhodamines; Baeyer classed 
them under triphenylmethane dyes which some authors^^ still follow. 
Elsewhere^'^^ only phenolphthalein, its tetralodo derivative and 
sulphophthaleins constitute the group, phthaleins and fluorescein its 
derivative uranine, eosine, mercurochrome, and rhodamines constitute 
another group called xanthenes. Both phthaleins and xanthenes, in turn, 
form a subclass of triphenylmethane dyes. 

In Baeyer’ s accord, all the dyes prepared by the condensation of 
phthalic anhydride with different phenols, aromatic hydroxyl compounds 
are grouped as phthaeins. Pyronines, rhodamines, and other similar dyes, 
which could be prepared in a similar manner that used for the preparation 
of phthaleins, phthaleins included, contain a Characteristic dibenzo-1,4 
pyran nucleus dibenzo-l,4-pyran is called xathen^®^ which is an inner 
anhydride of o-o’ dihydroxydiphenylmethane. From xanthenes these dyes 
can be derived by introducing auxochromes^®^ into position-3 and-6, i.e. in 
para position with respect to carbon atom linking the two benzene rings. 
Therefore, in the classification used herein these dyes are grouped as 
xanthen dyes or xanthens^^®. 

In facts phenolphthalems, although a phthalein, is not a xanthene 
dervative^" yet generally, xanthenes are prepared^ like phenolphthalems 
by the method mentioned earlier. 
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XANTHEN 



FLLJORESC'EIN 
QUINONOID FORM 


RHOD AMINES 




Succineins were prepared by the condensation of aromatic hydroxyl 
compounds with succinic anhydride in presence of concentrated sulhuric 
acid as the dehydrating agent and are represented as follows: 




H2C- 


-co 


Succineins 
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The most common manner in which the colour is generated is by the 
absoiption of certain wavelengths of the visible light. Organic compounds 
with extensive conjuction absorb certain wavelengths of light because of 
TT-TT* and n — tt * transitions. We do not observe the colour absorbed but 
we see its complement that is reflected. A complementary colour 
sometimes called a subtraction colour is thus the result of the subtraction 
of some of the visible wavelengths from the entire visual spectrum. 

Before the theories of electronic transition were developed, it was 
observed that some types of organic structures gives rise to colour while 
other don’t the partial structures that are necessary for colour, the 
unsaturated groups^ can undergo tt-jt* transition, were called 
chromophores, a term Witt”"* coined in 1876 (Greek chroma-colour and 
phorous-bearing). These he specified as nitro, nitroso, azo and carbonyl 
groups that he suggested fall in this category. Molecules cantaining such 
groups e.g. nitrobenzene and azobenzene were referred to as chromogens 
since they had potentiality for developing colours even if they were not in 
themselves intensely of colours. Witt observed that presence of some other 
groups caused an intensification coloured. These groups were called 
auxochromes (Greek auxanein-to increase). These groups which were 
called the typically polar such as hydroxyl - or amino - did not in 
themselves produce colours, as we knonow that they can not under go 
TV -TV* transitions, but could produce hypsochromic effect i.e. a shift in the 
absorption bands to shorter wave lengtl^, or a bathochromic effect where 
the shift is in the opposite direction, i.e. to longer wave lengths, as they can 
under go transition of n electrons. However, in practice, intense colour can 
be obtained without the presence of auxochromic groups and it has since 
been shown that this concept has nothing of scientific significance. The 
theories of Graebe, Leibermann, Witt, Neitzki”^ Armstrong^^^ etc, were 
the results of successful attempts to determine the molecular structure of 
organic compounds and interpretation of colours in terms of chemical 
structure without regard to its physical causation. During the early years 
chemists were intrigued by the elusive relationship between the absorption 
spectra and the molecular structure and therefore the progress was severely 
hampered for want of suitable theory for the light absorption process itself. 
Today, thanks to the advent of quantum theory, we are in a more fortunate 
position, and mathematical treatments of varying lavels of sophistication 
are available for the prediction of absorption speetra. Equally important are 
the qualitative treatments of light absorption, which have stmmed from the 
valence bond the molecular orbital theories and which can be used to 
predict qualitatively the effects of sfructural changes on the absorption 
spectra of a molecule. 
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A complete and satisfactory explanation of the colour of the organic 
compounds was found to be associated with absorption and transmission of 
light in general with the spectra of the molecule. The absorption of light 
was recognized to be associated with certain process of molecule energy 
changes and the process could also take place with many other substances 
besides those as appeared coloured to the human eyes. The colour as it 
appears to the human eyes is only a special case of the general feature of 
general phenomenon of absorption of electromagnetic waves and the 
colour of the substance for which the human eye is sensitive is determined 
by the selected absorption of light consisting of those waves. The 
phenomenon of light absorption is not limited to the visible part of the 
spectrum only but takes place in the ultra and infia red regions as well, as 
said befor. Since white light imparts different colours to defferent chemical 
compounds, it is obvious that colour is a fimction of the chemical 
constitution of the molecules. 

The wave particle duality of matter when applied to the 
electromagnetic radiation and to atomic particle forms the basis of 
quantum theory that uses the famous de Broglie relation 

Y=hJ X Eq. 1 

Where p is the momentum of the particle, X is its associated 
wavelength and h is the Planck’s constant. 

The absorption and emission of light by matter"^ is explained by 
the wave properties of light. An electromagnetic wave is characterized by 
an electric vector E and a magnetic vector H which form a mutually 
perpendicular set of axes with the propagation of the vector C. The 
absorption of light arises mainly through an interaction of electric vector of 
light with the electrons and nuclei in the molecule. The magnetic vector is 
only important for an understanding of phmomenon of optical rotaion. A 
molecule initially in a state of EaCan absorb light of frequency v, provided 
there is existing a state Eb by an amount E that satisfies the relation. 

E = Eb-Ea=hv =)idx... Eq. 2 

And it is said that the molecule has absorbed a photon of energy hv 
and is in the excited state Eb . The stability in the excited state is limited 
and after a very short time e.g. less than 10^ second the excited molecule 

energy and comes back to the ground state Ea. 
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A molecule can exist in many excited states corresponding to the 
changes in its rotational, vibrational and electronic energy lavels. And all 
these energies are quantized. Therefore, the absorption spectra can be 
further classified’^® into three types: 

1 . Pure rotation spectrum which is associated with the changes in the 
rotational states of the molecule without the simultaneous changes in the 
vibrational and the electronic states. Since the separation between the 
various rotational levels are relatively small, it follows from Equation 2 
that the corresponding occur in the far infi^ red and the microwave 
regions. 

2. Rotational - vibrational spectrum is associated with transitions in 
which the rotational and the vibrational states of the molecule are altered, 
but the electronic state remains unchanged. The energy differences are 
relatively greater than in pure rotational spectrum and, accordingly, the 
absorption occurs at sjortre wavelengths i.e. in the near Ingra red region. 

3. Electronic spectrum that arises from the transitions between the 
electronic states, changes both the vibrational and the rotational levels. 
Therefore, a broad-spectrum band instead of a sharp line is observed. 
Relatively large differences are involved in the electronic spectra, which 
occur at still shorter wavelengths, i.e. in the ultra violet and the visible 
region. 

Since the electrons can only be raised upto certain levels. aE must 
have some definite value; i.e. absorption of light by a molecule is not 
indiscriminate and discontinuous, but slective and gives rise to colour. A 
part from the frequency of the absorption band, colour also depends upon 
the intensity of the absorption that in turn depends upon probability of 
transition between the two energy levels concerned. The probability of the 
photon being absorbed depends upon the magnitude of the transition dipole 
moment between the two concerned energy states. The light absorption by 
a molecule’’^ can only occur when dipole moment changes in a molecule. 
The more symmetrical the molecule, smaller is the probability of the 
transition dipole and, therefore, the less likelihood of absorption of light 
by the molecule. Calculations have shown that greater is the transition 
dipole, greater is the intensity of absorption. The introduction of a group 
in a molecule that decreases the symmetry will thus increase the transition 
dipole and consequently increase the intensity of absorption. At same 
time, however, new ‘resonance paths’ may be introduced, and hence, not 
only a change in the intensity of absorption occurs, but also there is shift of 
the band to longer wave legths. 





\liS(}RPnO\S : 

The process of absoiption of ultra violet and visible light by a 
molecule, as already mentioned, causes an electronic from a lower to a 
higher energy level; or more exactly causes an excitation from the highest 
energy level in the ground state to the lowest permitted energy level in the 
excited state as shown in figure to follow. 

Compounds where the valence electrons are involved in sigma bond 
formation such as saturated hydrocarbons, only show absorption due to 
excitation of an electron a a * antibonding or a higher oibital. The energy 
requirement are high, above 150 kcal mole‘‘ and absoiption occurs below 

2000 A° or 200 nm. This type of excitation process is referred to a 

a * transition, where the asterisk denotes an excited state. In compounds 
containing lone pair electrons; 0,N, S which are not utilized in bonding, 
the energy requirements for excitations are less since these electrons are 
generally less strongly held. The n....;r* transitions (following the 
nomenclature of Kasha'^® ) in simple molecule thus gives rise to spectral 

bands at the longer wavelengths than those associated with a a* or 

7c n* transitions. Proton addition to the non-bonding electron pair in 

O, N, or S atoms causes the disappearance of the band at long wavelengths 
confirming that these non-bonding electrons take part in the excitation 

process, it tc* transitions occur in the molecules containing double 

bonds in which there is an overlap of p-orbital causing formation of %- 
bonds. Because the overlap of p-oibital is not as great as in cr_ bonding 

K %* transitions generally occur at the wavelength intermediate 

between those ^ * and n — ^ transitions, i.e. in the near ultra violet 
and the visible region of the spectrum. 

Thus, form the foregoing discussion, it becomes clear that to 
understand the colour of a compoun4 it is necessary to have a knowledge 
of the electronic structure of the molecule and its effect on the absorption 
of light in the visible and the near ultra violet region of the spectrum. For 
this puipose, three main theoretical approaches to the problem have been 
made. 

J MOLECUAR ORBITAL THEORY (MO) THEORY: 


It is necessary to explain the term antibonding, which arises from the 
concept of the molecular orbital theory. It is best illustrated in the case of 
hydrogen molecule. When the constituent atom A and B are at equilibrium 

distance characteristic of the stable molecule, the two atomic orbitals 


and ^ each of which accommodates one electron, will combine to form 
two molecular orbitals. The first of the lowest energy, is represented by the 
wave function and is called the bonding orbital. This orbital has 
characteristics separately possessed by and <^B^d may be written in a 
simplified treatment as a linear combination of the two, 

1^6= <^A +<t>B 

Since molecular orbits arise from the atomic orbitals without the 
consideration of the electrons they have to accommodate. This treatment is 
referred to as Linear combination of Atomic Orbitals. The second 
molecular orbital v'a is formed m hydrogen with the condition that. 

W A— ^A 

This aIs the antibonding molecular orbital. The electron density or 

probability of finding an electron at a given point in this system is given by 

2 

y/ . 

The charge distribution in both molecular orbitals is cylindrically 
symmetrical. In the bonding orbital, the electron density is greatest 
between the two nuclei. In the antibonding orbital it is low between the 
two nuclei and the more stable configuration of the molecule is when the 
two nuclei are farther apart. It is this energy difference between the two 
molecular orbitals, which determines wavelength of the absorbed or the 
emitted light. 

The energies of y/A and molecular orbitals may be represented 
by the combined energy level diagram drawn on a following page wherein 
the electrons, x, contributing to separate functions 4 a and are shown 
combined in the case is zero. The two molecular orbitals w a and he at 
equal difference in energy above and below the individual atomic orbitals. 
When the degree of interaction or overlap is positive, it can be shown that 
the antibonding orbital is displaced to higher energy above initial energy 
and the bonding orbital is displaced to a lower energy to the same extent. 
Dewar^^^ has extended this method of energy demonstration to hybrids of 
classical structures i.e. where the wave functions and #b differ in 
energy, using as an example two classical structures of hGchler’s Hydrol 
Blue. The interaction of the two classical structures will give rise to two 
hybrid states, one of higher energy and the other of lower energy. The 
energy difference will be smaller when the energies of classical structures 
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are comparable i.e. mesomeric; and the absorptions occurs at longer 
wavelengths than when the classical i^nictures have greater divergeiK« in 
energy. 

In the ground state of hydrogen, according to Pauli’s Exclusion 
Principle, the electrons have opposing spins and the state in known as 
singlet state. Both electrons occupy bonding molecular orbital. In the 
first excited state, one electron is transported to an antibonding orbital. 
Since the electrons are now in different orbitals, the exclusion principle is 
no longer applicable and the electrons may now either be paired to give an 
excited singlet state, or unpaired to give a triplet state. In the latter case, 
there are three possible states all having the same energy since the z- 
components of the spin quantum numbers of the two electrons may be both 
+1/2 or both-1/2 or one may be +1/2 while the other is -1/2. The z- 
component of the resultant angular momentum may thus be 1, 0, or -1 and 
the three possible states are known jointly as the triplet state. A further 
excited state is possible when both fte electrons occupy the antibonding 
orbital. Since the exclusion principle is now applicable, this must be, of 
necessity, a singlet state, the excited singlet state. 

This elementary MO treatment can be extended to molecules which 
are electronically more complex, such as nitrogen and carbon monoxide, 
but which, as molecules, are relatively simple, provided due account is 
taken of hybridization in the simplifications and assumptions have to be 
made. In applying the theory it is necessary to neglect all over lap integrals 
between non-adjacent to average electron repulsions and to assume they 
are unchanged by the excitation process. 

Further according to the theory of molecular orcitals ' the 
absorption of the u.v. and the visible light corresponding to the electron 
cloud of a molecule, resulting in the formation of electronically excited 
state. According to quantum theory, a molecule can exist only in a limited 
number of discrete energy states. The electronic structure of a molecule 
can be built up by the feeding of electros one after another in the lowest 
available quantum state in accordance with the Aufbau Principle. A 
concept of united atom i.e. an atom whose atomic number is equal to the 
sum of the two separated atoms is helpful to understand the filling of 
electrons in the MO. The electrons, which in the united atom occupy in the 
excited state, are the antibonding electrons and those and that do not are 
bonding electrons. The electrons in the atoms that remain unaffected by the 
process of molecule formation are said to be nonbonding electrons. 
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It is possible to consider the pl^nomenon of light absorption from 
the point of view of the molecular orbital theory. A molecule is excitwi 
when one electron is transferred from an orbital of lower energy to one of 
higher energy. Such transitions can occur only between permitted orbitals. 

In a molecule a g state go to a u state, or vice vers; transitions u -» u* and 
g -> g* are forbidden. Here u and g bear their usual meaning. 

The ethylene molecule in its ground state has, in addition to <t- 
bond, at - bond i.e a orbital (bonding molecular orbital) in which 
there is the first excited state orbital (antibonding molecular orbital). If 
one electron is excited from ;i:gto large amount of energy is required 
and the molecule therefore absorbs in the u.v region in compoimds 
containing more than one double bond and that too in conjugation, 
delocalization of bond takes place and the molecular orbital formed covers 
all the carbon atoms of the conjugated system. The electron, therefore, has 
greater freedom of movement than in localizied bonds and the total energy 
of the system is lowered which decreases the energy difference, aE 
between the highest occupied and the unoccupied orbitals. Thus, as the 
conjugated extends, the absorption of light takes place at yet longer 
wavelengths. 

Benzene molecule is S5nnmetrical with all the carbon atoms have 
equal charges of unity and hence there is no transition dipole m the 
benzene molecule. It is not expected to absorb the light hence it is 
colourless. However, a weak absorption in the u.v region is expected and 
so exhibited. Nitrobenzene is not symmetrical and has unequally charged 
carbon atoms. Unequal charge produces a definite dipole moment in the 
molecule of nitrobenzene. The result is hi^ transition dipole and 
absorption at longer wavelengths. 

Furthermore, since nitrobenzene has an extended conjugation, the 
energy difference between the highest occupied orbitals is decreased, and 
therefore, it absorbs at longer wavelengths than benzene. 

Nitroaniline (orange red) having more extended conjugation and 
greater separation of charge absorbs light at stiU longer wavelengths than 
nitrobenzene. Thus, in general, any such group, which exists in 
conjugation with benzene ring, happens to pratically cause the shifts in the 
frequencies of the absorbed li^t towards the lower region or the 
wavelengths towards the longer regions. This effect of shifting of absorbed 
light towards the longer region in the electromagnetic spectrum, is that 
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which we understand and name as the Red Shift or the Bathochromic shift, 
or the Bathochromic effect. These shifts, if effects in the derections exactly 
opposite to those mentioned before, are said to be the Blue shift, or the 
Hypsochromic shift or the Hypsochromic effect. 

Despite the fact that the molecular orbital method appears to be 
more promising from a quantitative point of view, and it has been possible 
to calculate the light absorption of many molecules by the ingenious 
applications of the great Molecular Orbital Method resulting in good 
agreement that has been obtained between the calculated and the observed 
values the Valence bond method as ^plied to absorption of light and 
prediction of colour stands satisfactory for qualitative purposes; and, 
therefore, one can not do well in keeping away from it. Thi^, the valence 
bond approach is being discussed in the following section. 
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structures lowers the energies of b<^ tlK: g^und and the excited states 
and since charged structures contribute more to the excited state than tlie 
ground state, the lowering of the energy will be more prominent in the 
former than the latter. Thus, a greater resonance among the wious 
charged forms results in the deepening of colour. 

It can be safely inferred from the foregoing discussion that a given 
chromophore will not necessarily give absOTption bands in the same 
position of the spectrum; the rest of the molecule also affects it. Benzene 
has a definite u.v absoiption, 255 nm, ethylene has 185 nm and 
allylbenzene 249 nm, which is equivalent to the superimposition of si^tra 
of benzene and ethylene. However, styrene has a quite different spectrum, 
282 nm where the fee structure of benzene is absent. 

Therefore, it can be observed that in styrene, the benzene nucleus is 
not in the same state, as it was in allylbenzene itself. This observation can 
be explained by assuming styrene to be a resonance hybried of the 
structure H, HI and IV. 

The cyanine dyes, studied by Brooker and cowoikers’^^ are intensely 
coloured substances exhibiting a high degree of resonance. These dyes can 
be represented by the general structures V and VI. 

If aromatic ring systems are made part of conjugated chain of a 
cyanine, the characteristic properties of the chromophore are not altered. 
Thus, they will still be isoconjugate with an alternate add hydrocarbon 
anion, and will absorb at long wavelength by virtue of the presence of a 
nonbonding molecular orbital. The di- and tri-aryl methane dyes are 
example of this type. 

Michler’s hydrol Blue. A diaryl methane dye, which is a resonance 
hybrid of two equivalent structures VTI and VIII, absorbs at 607.5 nm in 
98% acetic acid. The auramine DC, an impotant commercial dye of diaryl 
methane series, which is formed by the attachment of an amino group to 
the central carbon atom of Michler’s Hydrol Blue, shows large 
hypsochromic shift that result from the strongly electron donating amino 
group and absorbs at 434 nm in ethanol. Substituents other than amino 
group exert a hypsochromic shift related to electron donating capacity e.g. 
the attachment of a weaker ethoxy group to the central atom of Michler’s 
Hydrol Blue gives a smaller shift, and the dye is purple, max 525 nm. 

The triaryl methane dyes, on the other hand, can be divided into two 
distinct types; those with two terminal amino groiq)s, e.g Malachite Green, 
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X, and those with three terminal amino groups e.g. Crystal Violet, XI. 
From the foregoing discussion it is expected that increased number of 
resonance forms would deepen the colour. But the case of Malachite Green 
and Crystal Violet proves contrary to the expec^tions as the colour of the 
former is deeper than the latter. Malachite Green has two resonating forms 
where as crystal violet has three. The former shows two absorption bands; 
one at longer wavelength A. max. 621 ran in 98% acetic acid, as expected for 
the attachment of the neutral conjugating group at any position in the 
chromophore; and a second band at a shorter wavelength, max 427 ran, as 
this provides a yellow component to the colour, the dye is gri^n rather than 
blue. Polarization studies have shown that the two transitions are polarized 
along mutually peipendicular axes'^ . The longer wavelength band is due 
to polarization along X-axis and the shorter along Y-axis. 

Now consider hypsochromic shift shown by Crystal Violet when a 
dimethyl amino group is substituted in Malachite green. As per resonance 
theory. Crystal violet ion has a high sjmametry and consequently a number 
of levels will have the same energy although the total number of levels has 
actually increased and are responsible for the remarkable hypsochromic 
effect. The average separation of the oscillating charges is, however, 
increased. Thus, the band is displaced to the shorter region, while intensity 
has increased due to increased transition probability proportionate to 
increased number of corresponding levels. Lewis and Calvin proposed that 
the oscillation of a charge along one direction only is responsible for 
colour. In Malachite Green all charge is linear oscillations while in crystal 
violet positive charge can oscillate linearly, horizontally as well as 
perpendicularly, vertically. Thus 2/3 positive charge is effectively 
oscillating horizontally in crystal violet. Hence, Malachite Green has a 
deeper colour than crystal Violet. 

B.5 FREE ELECTRON MOLECULAR ORBITAL (FEMO) THEORY: 


The applications of MO and VB to theories to dyes practical 
importance and interest which have complicated structures and their colour 
is strongly affected by even a slight structural change, requires uthless 
simplification to obtain even the most general agreement with the observed 
facts. A third theoretical treatment which on the one hand is highly 
simplified, and still based on highly valu^ quantum mechanical treatment 
on the other, and also avoids rigorous mati^matical dilmemma; which has 
been applied to such complex chromophores with a great degree of success 
is the one known as Free Electron Gas Metiiod, Free method^^^ . This was 
first proposed by sommerfield , to describe the metallic state and later 
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extended to organic molecules by Bayyliss'^^ Simpson’^’ and notably 
developed by and Platt*'’^ In its application, this model is 

limited to consideration of conjugated ^-electron systems; but then dyes 
are considered to owe their colour to these electrons, this theory will be 
treated in greater detail. 

Simplest of ail the molecular orbitals methods for conjugated 
organic molecules, as this theory is, remarkably successful too in 
calculating transition energies in certain cases. Quite like valence bond and 
the molecular orbital treatments, in this model too, all the carbon atoms 
and all the hydrogen atoms are supposed to lie in one plane so that all 
atomic orbitals are of either cr or ;r type. The fundamental assumption, 
rather approximation, in this treatment is the sigma-pi-separation 
principle^*^ , i.e. the sigma and pi electrons can be treated separately and 
independently. Consequent upon this specifically characteristic assumed 
feature of this treatment, and that the pi electrons are comparatively free to 
move within the conjugated system and, provided that ^s movement is 
only in the direction of the conjugated chain, their behaviour can be 
represented by that of an electron in a box or a potential well. Figure XII 
represents the potential energy of such an electron, where die minus occms 
at the positions of the individual carbon atoms along the chain. The energy 
shown in the lower part of the said figure represents an assumed constant 
potential along the chain length. The terminal potential barriers are situated 
at an arbitrary distance beyond the extreme carbon atoms. The quantum 
mechanical solution of a wave equation for a particle moving under these 
conditions is. 


{2 .sin{[;?rn/L].x}^^^ 

where 0<x<L, L is the wavelength, x is the distance along the well and n is 

a quantum number (1, 2, 3, 4 etc) for each value of y/ntiiere is a 

corresponding energy, 

En= n^h^/8ml^ Equation. 1 

Where h is planck’s constant and m is the mass of an electron. In a system 
consisting of alternate double and single bonded carbon atoms, each 
carbon atom contributes one pi electron. If the total number of pi electrons 
is N, then in the ground state are the N/2 levels of the lowest energy since 
each level is doubly occupied by the electrons having opposing spins =1/2, 
-1/2 according to Puali’s exclusion principle. As no limitation is placed on 
the number of the possible levels, all others except filled N/2 levels will be 
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empty. When the molecule or the ion absorbs li^t, this ccrresponds to one 
electron jump from the highest filial level with quantum number ni = N/2 
to the next higher energy level, i.e. the lowest empty level with quantum 
number n 2 = N/2 +1. The energy change ot the excitation energy for this 
transition is therefore, 

E = Ew 2 h - En /2 =(N+i)hV8mL^ E.2 

Since aE= h v = he/ A , where c is the velocity of li^t and A is the 
wavelength in centimeters, 

2 =8mcL^/h(N+l) E 3 

This equation can therefore be applied to any linear conjugatoi 
system provided that the number of the double bonds is known and 
assignment of L is made. Since A is proportional to L^, correct values for 
L are impotent. If need be the above treatment may be extended to three 
dimensions by supposing the electron to be residing in a three dimensional 
box. 

B.6 APPLlCATfON OF THE FREE ELECTROS MODEL TO 
BLJADIENE: 


The pi electron structure of 1, 3- butadiene is obtained by assigning 
two electrons of opposing spins to the lowest orbital and two similarly spin 
paired electrons to the second lowest. The absorption of light is then 
assumed to involve the promotion of one of these four electrons to any of 
the higher orbitals. Equation 3 can then be used to calculate transition 
energies. The only uncertain parameter is L, the length of the conjugated 
chain, say that of the potential well. It is usual to regard L as equal to the 
length of the conjugated chain molecule assuming that the molecule is 
distorted into a straight line plus one additional bond length at each end of 
the molecule. For example, 1,3- butadiene has an average bond length of 
1 .4 A , which gives a value of 7 A, for L. Using aforesaid equation for 1,3 
- butadiene a first transition energy of about 3 .0xl0'^cm‘\ or a wavelength 
of 325 nm is found. The experimental value, 220 nm, may seem indicative 
of poor agreement but in view of the many gross approximations inherent 
in the FEM treatment, and its greater simplicity of approach, the agreement 
is supposed to be remarkably good. 
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The series of compounds known as cyanines typified by figure 
Xllla and Xlllb are ideally suited for diis method, since they show 
appreciable bond uniformity that arises from resonance. 

Me2N — (CH = CH)„,-CH = brMe2 4— > Me2NVc:H-(CH ==CH)m“ 
NMe2 


Xlll(a) XIII(b) 

A symmetrical cyanine dye molecule such as Figure XlVa and b 
may be considered here in order to find a plausible explanation for its 
electronic absorption band in the visible region, here the C, N, and 
hydrogen atoms are linked by sigma bonds and are located in a common 
plane. 
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XIV (b) Cyanine sigma skeleton in common plane 
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Each carbon atom and each nitro^n atom uses its three valence 
electrons to form the sigma bonds; pi electronic system in each molecule is 
formed by the contribution of the fourth valence shell electron of each 
carbon atom and the remaining electrons of the two terminal of nitrogen. 
These electrons are placed in the electrostatic field of the molecular 
skeleton. They will be attracted to positive charges of C and N atoms, but 
their wave function must not have a node at all points of the plane of the 
molecule. They form an electron gas, which in the shape of a charge cloud 
stretches along the cyanine chain, both above and below the plane of the 
molecule. N has five electrons and in the said cyanine dye, three are us^ 
form sigma bonds, thus N atom with no charge sign contributes two 
electrons to the pi electron gas and that we find a total of six pi electrons 
or three pi electron pairs in this case. Now a single pi electron is 
considered in the electrostatic filed of the rest of the molecule and it should 
be assumed for a moment that it could only move in the direction of the 
zigzag line coimecting C and N atoms in the chain. The potential energy of 
the electron is then roughly constant along tibe chain. Since the electron is 
practically in the coulomb field of the nearest C and N atom only, while 
the field of more distant C and N is neutralized by other pi electrons. And, 
consequently, this electron can move almost freely along the zigzag line, 
but not beyond the ends of the chain except when the chain itself stretches. 
Thus, this electron is in the same condition as a free electron considered 
earlier in a one-dimensional box and the length L of the chain corresponds 
to the length of the box. It must be noted, however, that the component of 
the motion of the pi electron in the direction perpendicular to the zigzag 
line connecting C and N atoms in the chain has been neglected here (Xllb). 

In the normal state of the molecule, the three electron pairs present 
in the resonating chain occupy the three lowest levels. The light absorption 
is caused by transition of an electron from the highest occupied molecular 
orbital (HOMO) with n = 3 to the lowest unoccupied molecular orbital 
(LUMO) with n = 4. Accordingly, the energy difference aE between these 
states is. 


AE= E 4 -E 3 = (4h) ^ / 8 mL^ - (3h) ^ / 8 mL^ =7h^/8mL^ = 6.1 x 10'^^ ergs 
And, = hc/AE=(6.624xlO-^'^) (2.998x10^6.1 xlO'^^ 


=3.3xl0‘^=330nm 

This value is in good agreement^'^ with the experimental value of 313nm. 
As another case, let us discuss a q[)ecific dye, 1,1’- diethylcyanineiodide 
(cryptocyanine): figure XV. The cation can resonate between two limiting 
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structures, which really means that tlK! wave fiincition for the ion has equal 
contribution from both states. Thus, all the bonds along this chain can be 
considered as equivalent, with bond order of 1.5 similar to C-C bond in 
benzene. Each carbon atom in the chain and each nitrogen atom in the ends 
are here involved in bonding with three atoms by three locali^ bonds, so 
the called sigma-bonds. The extra valence electrons on the carbon atoms in 
the chain and the remaining three electrons on the two m’trogen atoms form 
a mobile cloud of pi electrons along the chain and extend above and below 
the plane of the chain. We then, assume that the potential energy is 
constant along the chain and that rises sharply to injSnity at the ends; that is 
the pi electron system is replaceable by free electrons moving in a one 
dimensional box of length L, for example, if it is supposed that total 
number of pi electrons in this system be N, then as said before, for electron 
transition and consequent light absorption, the transition energy and the 
wavelength of maximum absorption can be arrived at as in equation E.2 
and E.3 respectively. To reproduce the latter, 

A=8mcL^/h(N+l) E.3 

The number of carbon atoms in polymethine chain, if supposed, are 
p, then N=p+3. Kuhn assumed that I was the length of the clmin between 
nitrogen atoms plus one bond distance on each side; thm, L=(p+3) I where 
I is the bond length between atoms along the chain. Therefore, 

A=8mcL^(p+3)^/h(p+4) E.4 

Putting I = 1.39x10'* cm (the bond length of benzene, a molecule 
with similar bonding) and converting from centimeters to nanometers 
(lmn=10'^m), we find, 

>t(innm)=63.7(p+3)^/(p+4) E.5 

If there are easily polarizable groups at the ends of the chain, such as 
benzene rings, the benzene, the potential energy of the pi electrons in the 
chain doesn’t rise so sharply at the ends. In effect, this lengthens the path 
L, and we can write, 

A(mnm)=63.7 (p4-3+a) V(p+4) E.6 

Where a should be constant for a series of the dyes of a given type. 
If such a series is studied erqrerimentally, this empirical, a, may be 
adjusted to achieve the best fit the data; in any event, should he between 0 
andl^^l 
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In order to com^Kure th® result of this m^od with the more 
sophisticated Valence bond (VB) or the molwulw^^ calculations, let us 
use equation 5 which assumes that a =0, to calculate the wave length of 
maximum absorption of cryptocyanine, in which p=9 and compare that 
value with those given by others in literature 

Free electron = 707 nm 

Bond orbital (case 1) =3900 nm 

Bond orbital (case 2) =2900nm 

Molecular orbital =2700nm 

It may be noted that only FEM predicts an absorption band in the 
visible region of the spectrum in agreement with the actual observation. 
Kuhn has applied this method to the determination of the wavelength of 
maximum absorption of a number of cyanine dyes with varying values of 
a , whose classical structures are depicted in figure XVI. Both structures 
are equivalent. The potential energy of the well of the model is not, 
however, constant due to the presence of two nitrogen atoms. The number 
of atoms in the conjugated chain is 2a+9 and since the potential energy 
barrier extends beyond the terminal nuclei by about one bond length, the 
number of pi electrons N is 2a+10, each carbon atom contributes one 
electron and two terminal atoms together contribute three electrons. Since 
the C-C bond distance is known, the total length, L, of the well can be 
calculated. The individual bond distance is taken as 1.39x10"* cm, i.e. the 
C-C bond distance in the benzene molecule. Table 2 summarizes the 
calculated values of Zmn which are in good agreement with the 
experimental values by Brooker^"*^ over the range where a, the number of 
vinyl groups, increases from zero to three. 

TABLE 2 

POSITIONS OF ABSORPTION BANDS IN THE SPECTRA OF 

CYANINE DYES 


^max (calc.)^^*mn 


^inax(observedy'‘^ mn 


0 

1 

2 

3 


579 

706 

834 

959 


590 

710 

820 

930 
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The agreement is good considering that the tOTninal benzene rings 
are not included in the calculations. By using linear compound similar to 
cyanine dyes in structure but not containing benzene ring, i.e. those of the 
general structure, 

(CH3)2 = CH-(CH =CH)a - N(CH3)2 

Where the value of a is 1, 2, or 3, SirapcHi*'*^ has found excellent 
agreement between observed and the calculated values of A max. The total 
number of pi electrons is (2a + 4) including again a contribution of three 
electrons from the nitrogen atoms. With a reasonable estimate of the length 
of the potential well, values of A max shown in table 3 were obtained. 

Table 3 


^ A a 


Calculated A max nm 

Observed A max nm 

1 


309 

309 

2 


409 

409 

3 


509 

511 


A symmetrical cyanine dye with m conjugated double bonds in the 
resonating chain connecting the two nitrogen atoms. The number of pi 
electrons in the chain amounts to 2m+2, and the absorption band 
corresponds to a jump of electron from the HUMO level m+1 to the 
LUMO level m+2. as before the energy for this transition: 

AE=h^(m+2)^/8meL^ - tf(m+iy/8meL^ = h ^(Im+SjSm^ and 
max he/ aE m^c/hL /(2m't*3j ecjuation...7 

This remarkable result in this approximation indicates that the 
position of the absorption band is determined by the clmin length and by 
the number of pi electrons 2m+2, since nie, the mass, h, the Planck’s 
constants and c, the velocity of li^t are universal constante. Further A max 
does not depend upon any specific property of the atoms along Ihe chain. 
The length L, may be taken as equal to 2m x I where I is bond length of the 
chain elements; the average bond length, I , has taken as 1.3 angstrom on 
the basis of approximations considered by Kuhn'^^^\ The electron gas 
stretches by length, a L, on both sides of the each terminal nitrogen atom. 
Thus, a more satisfactory value of L is given by 




The agreement is good considering that the tarraina! benzene rings 
are not included in the calculations. By using linear compound similar to 
cyanine dyes in structure but not containing benzene ring, i.e. those of the 
general structure, 

(CH3)2 N" = CH-(CH =CH)a - N(CH3)2 

Where the value of a is 1, 2, or 3, Simpon''*^ has found excellent 
agreement between observed and the calculated values of A max. The total 
number of pi electrons is (2a + 4) including again a contribution of three 
electrons from the nitrogen atoms. With a reasruiable estimate of the length 
of the potential well, values of A max shown in table 3 were obtained. 

Table 3 


ft A a 
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A symmetrical cyanine dye with m conjugated double bonds in the 
resonating chain connecting the two nitrogen atoms. The number of pi 
electrons in the chain amounts to 2m+2, and the absorption band 
corresponds to a jump of electron from the HUMO level m+1 to the 
LUMO level m+2. as before the energy for this transition; 

AE=hV+2)^/8meL^-hV+l)^/8meL^ = h^(2m+3)8meL^ and 
^ max = he/ AE = meC/hL^/(2m+3) equation. . . 7 

This remarkable result in this approximation indicates that the 
position of the absorption band is determined by the chain length and by 
the number of pi electrons 2m+2, since nie, the mass, h, the Planck’ s 
coi^tants and c, the velocity of li^t are universal constante. Further A max 
does not depend upon any specific property of the atoms along the chain. 
The length L, may be taken as equal to 2m x I where I is bond length of the 
chain elements; the average bond length, I , has taken as 1.3 angstrom on 
the basis of approximations considered by Kuhn'^^^^ The electron gas 
stretches by length, a L, on both sides of the each terminal nitrogen atom. 
Thus, a more satisfactory value of L is given by 


Calculated Amax nm Observed Amaxiun 


309 

309 

409 

409 

509 

511 




- 28 - 


L = 2inxl+2a'xl = 2Ix(m+a) 

Now according to eqn. 7 

^ max = 8meC/h X 41^(ni + a 'flQ.m +3) 

= I27(m + a J2ff{m + 3/2) nm EquMion 8 

In the conjugation polyenes, symmetrical cyanines and their 
analogues. Kuhn'^^ has calculated the stretching of the electron ^ to both 
sides of each terminal atom, as 1.5 angstrom, on the basis of vibration 
treatment. As the length oL on both the ends is approximately 1 .5A. ITiis 
may be considered thata=l. the value a=l has already been used of a is 
the treatment of the dye molecule, F.XVII. It has been found that the value 
of a is dependent on the end groups, and thus in a homologous series of 
dyes a is constant for all the membars of the series. If strongly polarizable 
groups in increasing orders are introduced in the terminal atoms, the value 
of a also increases. On the basis of above considerations the calculated 
value imax of the said dye with m=2,3,4,5,6 and 7 are in excellent 
agreement with experimental data^^^ of these carbocyanines. 

The free electron method has also been used*^ to determine longest 
wavelength of absorption of a number of basic dyes and to compare the 
influence of a central nitrogen a tom in a conjugated system. In the 
simplest case the linear compound A is compared with the aza derivative B 
in which the central carbon atom has been replaced by nitrogen. This atom 
contributes one electron to the total pi system and since it is more 
electronegative than carbon atom that it replaces, there will be decrease in 
the HOMO energy level in the groimd state. 

(+) (+) 

(CH3)2 N =CH ~ CH = CH -N(CH3)2 (H3C)2N = CH -N = CH - 
-N(CH3)2 

A B 

In the first excited state of both A and B, there is vibration node at 
the central atom and the energy level in both the cases is equivalent. 
Consequently the excitation energy aE involved in the transition will be 
greater for azo derivative, which therefore possesses a A „„ at a shorter 
wavelength. In general, when centrally situated -CH= group is replaced by 
-N= in a resonating system between terminal nitrogen atoms, a 
hypsochromic shift is observed if there is an even number of double bonds 
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and a bethchromic shift is seen when the number of double bonds is odd. 
This is because the value of the energy levels in the excited state depends 
on presence of a node or an anti node at the central atom. 

The displacement of a given energy level caused by the nitrogen 
substitution may be quantitatively assessed by a perturbation treatment and 
is given by the equation. 

I =A'F^ Equation ...9 

Where A is an electronegativity constant, characteristic of the 
heteroatom and is equal to 3.9x10’^° erg cm for the - N = atom, ^ is the 
normalized wave ftmction at the heteratom. It can be shown that 2/L give 
the square of the normalized wave function, where L is again the length of 
the potential well. It follows that for a state with an anti node at the central 
atom. 

S = - Ax^/ L = -2A/2(M + a )I Equation .... 10 

Where M is the number of double bonds and is the mean carbon - 
carbon bond distance. The factor a is introduced, as said before, to 
account for the extension of constant well potential beyond the terminal 
atoms of the conjugated system. 

The potential well diagram of the simplified free electron model is 
modified by the presence of electronegative atom to that shown in figure 
XVIII. 

The nitrogen atom is situated at the center of the well and where b, 
the mean C — N distance, is small compared to the total well length, the 
probability of finding electron in the trough is vp^b. The reduction, 4 ?, in 
the total energy of the state n is, therefore, -V'F^b where V is the negative 
potential due to the nitrogen atom. It follows from equation 9 that A = Vb 
or in other words the electronegative constant is the product of the 
potential energy drop and the bond distance between the hetero atom and 
its neighbor. 

A comparison of the spectra of Mchler’s Hydrol Blue and 
Bindschedler’s Green, the structures of which are shown in figure XIX, 
shows that the observed value of 2 bmx are 603 and 725 nm respectively. If 
the A E’ is the excitation energy of the aza dye, then. 



aE’ = aE +E equation ...11 



r 



for the excited state possessing a central antinode the A E* is the excitation 
energy of the parent unsutetituted molecule (a) in the said figure and 

E = he/ A ma, = 6.62x10'^^ X 3.00 x l0’®/6.03 x 10'^ 

= 3.30x10'*^ erg 

in equation 11 can be calculated from equation 10 since the values of all 
the constants, with the exception of a are known. This factor a may be 
determined by calculating the value of L when observed value X maifor the 
parent molecule is substituted in equation 3. Comparison of this value of L 
with the value calculated ft^om the number of double bond and the mean 
bond length, as shown by Kuhn‘S, gives a = 0.55. The number of double 
bonds is five from equation 10 , 

s =-(3,9 X 10-^®/(5+0.55)(l. 39X10'®) 

= -0.5x 10'^^ erg 

The values of A E’ is the sum of these energy terms. 

aE’ = 3.30x10'^^ -0.5x10'^^ 

= 2.80x10'*^ erg 


Expressing this energy in wave length terms give a wave length of 
maximum absorption for Bindschedler’s Green (figure XlXb) at 709 nm, a 
calculated shift of 106 nm, in reasonable agreement with the observed shift 
of 122 nm on replacing the central -CH = group. Similarly, Michler’s 
Hydrol Blue may be compared with Acridine Change, figure XX. 

The electronegativity constant for A for N - CH 3 at the position 12 
in this compound is 6.0x10'^® erg cm. In the normal state of the molecule 
the seven pairs of pi electrons, contributed from the five double bonds and 
uncharged nitrogen atoms, fill the seven highest occupied energy levels. A 
free electron model treatment as above gives a calculated value X max for 
acridine orange of 471 nm compared with an observed value of 491 nm. 
The absorption spectra of acridine, oxazine, thi^e, azine and xanthene 
dyes have all been compared by this method with some degree of 
success. 

Equation 3 predicts that the absorption band with the lowest energy 
should be displaced to longer wavelength when an increasing number of 
ethylenic linkages is introduced into the molecule since is proportional 
to &e wave length. However, with linear polymers, the wavelength of 
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absorption tends to a maximum as the number of double bonds is 
increased. The assumption of a constant pi electron potential in the simple 
free electron model has been shown' to be incorrect and a regular 
variation in bond length occurs along the chain if it is sufficiently long. 
Such a varying energy along the box increase the gap betw^n the 
occupied and the unoccupied orbital so that A tends to limit the chain 
length increases. In terms of resonance theory explanation is that in long 
chains of this type, the number of idealized structures contributing to the 
stability of the excited state increases to a greater extent than the 
contribution each makes to the stability of the ground state. Consequently, 
the energy difference increase with the increasing chain length. 

The FEMO theory has certain feature in common with the 
qualitative interoretation of the special shifts associated with Burawoy’s K- 
band theory'^' in triarylmethane dyes and thiobenzenophenone 
derivatives'^^, particularly in its application to the basic dyes, where the 
electronegative atom situated in a conjugated system can act as an electron 
sink. The intense K-bands (Burawoy’s nomenclature - K-konjugierte) are 
attributed to excitation when a conjugated molecule contains both 

an electron donating and electron withdrawing group, a shift of the K-band 
to a longer wave length occurs which is greater than the additive effect of 
both group when acting separately. Changes in the nature of the terminal 
groups in such systems which cause an increase in polarity or 
polarizability, or the dissolution of the compound in more polar solvents, 
cause further shift of the K-bands to the longer wavelengths. The presence 
of the side chain groups also effects the position of the K-band, opposing 
the electron migration from terminal groups, e.g. from A to B in figure 
XXIa, where A and B may be N(CH 3)2 and = N^(CH 3)2 respectively and 
assisting it in the new system of groups X (which may be e.g. OH or - 
NH 2 ) and group B. This replacement of K-band is therefore to shorter 
wavelength with thiobenzene and triarylmethane cations which are 
symmetrically substituted, the side chain is also conjugated. The 
absorption spectra show only one band but should in fact consist of two 
superimposed bands, i.e. originating from Ki and K 2 in figure XXIb. 

These bands become apparent when the absorption spectra of non- 
symmetrically triarymethane chromophores are examined. When A, A’ 
and A” are identical and are either -OCH 3 , -SCH 3 or -HGHs, (Crystal 
Violet) then only one band is observed at 480, 577 and 587 nm 
respectively. Rq)lacemeEt of one subtituents in each of these compounds 
by hydrogen, (e.g. changing crystal violet to malachite green) cause the 
emergence of a second band Ka at shorter wavelengths. Simultaneously, 
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the Ki- band undergc^s a bathchromic shift of behveen 20 and 40 nm. 
Lewis and Bigeleisen have also made similar observations for crystal 
violet and the sodium salts of Rhodamine B and Fluorescein. 

Kuhn has used the branched pi electron gas model to treat other dyes 
in a similar manner and the concept of branching leads to a simple 
explanation of even such characteristic compounds as deep colour of the 
low molecular weight Wurster’s Blue and azulene^^^. 

It is of interest to consider the application of the free electron theory 
to closed ring systems having conjugation similar to that occurring in 
porphyrins, azaporphines and phthalocyanines. The free electron theory 
has been applied to the metal free porphins*^, cyclic polyenes^^^ and 
phthalocyanines'^^''*’’, using a circular box model, and by taking into 
account the perturbation factor calculated from atomic shielding 
constants'^, better agreement'^’ has been found with the experimental 
data'^^ 

Labhart further refined free electron theory by taking into account 
the interaction between the pi electrons and the elastic sigma skeleton. He 
showed that even for very long polyenes a difference in single and double 
bond length was of the same order of magnitude as in shorter polyenes was 
to be expected. Olszewaki'*”" used a linear free electron model with 
electron-electron and electron-core interaction for the calculation of lowest 
excited singlet-triplet separation in polyenes, twisting frequency of 
ethylenes and location of absorption maxima in cumulenes. He also 
calculated the absorption maxima in the spectra symmetrical cyanine dyes 
and polyenes by ASFEMO-Anti-Symmetrical Free Electron Molecular 
Orbital method. An improvement of the theoretical A max values for 
cyanines was obtained by introducing resonance barrier'^'' in the free 
electron model. Spectra of cyanine dyes and cata-condensed hydrocarbons 
were analyzed by Araki and Hiizinaga'^" '^', Basu'^, Dey'^’ and by Rout et 
al'^"'. who applied suitably modified FEMO method, A part from spectral 
analysis, the refined FEMO has also been used for the calculation of 
optical rotatory power'^^ of the organic molecule. The model gave a 
method for rapid evaluation of electric and magnetic transition moments 
and was further used for a letter understanding of the skew conformation 
of butadiene. Shuler'^® used tiie free electron model for calculating the 
stability constants and absorption spectra of pi molecular complexes. 
Mueller'^^ examined theoretically the bimolecular exchange reaction. 

H2 + H2-> H2 + and H + H2 H 2 + H 
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Via activated complex by frw; electron model. Bonham et al™. and 
Basu'^'^ treated the electrophilic substitution in molecules by the FEMO 
method. The treatment is based on the fact that any aromatic substitution 
reaction proceeds through the formation of the activated complex. 
Nathan'^" successfully employed the FEMO method for the theoretical 
investigation of diamagnetism of aromatic hydrocarbons. 

fi.fi i n i) DIMESSIOSAL ! REE iaJCCTI{()\ G. t.S MODtL : 

The two-dimensional free electron gas model is closely related to 
the branched electron model described earlier in this chapter. Each state of 
interest in the two dimensional model corresponds to a state in the one- 
dimensional model. In the two dimensional model for a system with 
resonating structure, the plane of the center of the atoms is chosen as the 
xy-plane of the xyz-coordinate system. It is assumed that the pi electrons 
are in potential field V(z) + V(xy), where V(z) is a certain function of z. 
V(xy) is the potential of the pi electron averaged over z and is the sum of 
the contributions of the carbon atoms. The contribution of the carbon atom 
can be obtained by nuclear charge and shielding considerations. The z part 
of the wave function of an electron in the potential V(z) + V(xy) can be 
separated from the xy part, and the problem of finding eigen fiinctions 
(x,y) and eigen values of the Schrodinger wave equation. 

+ S^y/JSy^+ 8;r^m [En - V(x,y)]/h^=0 

can be solved by using an analog computer. The two dimensional method 
can be applied to polyenes and polyacetylenes. Using the observed values 
of bond distances, the position of the strong absorption bands was 
calculated and the results were found to be in good agreement with those 
of one-dimensional treatment and with the observed data^^. Two 
dimensional models may also be applied to dye molecules of any 
complicated shape. 


C.PHTHALEINS: THEIR COLOUR AND CONSriTimON: 

An entirely different series of dyes, the phthalein dyes, figure XXIII, 
XXIV and XXVI may be obtained by simply replacing N-CB ^3 by more 
electronegative oxygen atom at the position 12 H at position 6 by - 
CeHsCCX)' in acridine orange figure, XX. Derivative of pyronines, these 
phthaleins may be considered to be intermediates between fuschone Figure 
XXII and benzaurine figure XXV. 
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Colour responsibility of these acid dyes, the phthaleins, is attributed 
to the anionic portion, which thus bwomes more impcwrtant part of the dye 
molecule. It has been established for a well studied representative of the 
phthaiein, that in the neutral medium it bears a lactone structure and thus is 
then colourless, figure XXVI, while in alkaline solution (pH 8.4) it 
undergoes ring opening producing intense red divalent anion, figure 
XXVTf, having longest wave length band of X n»t at 532 nm with an 
extinction coefficient of 31,000. fiirther, the well known property of 
phenolphthalein as an indicator is A actually attributed to this very 
intense red divalent anionic form which actually is a hybrid of figure 
XXVIII and a number of its possible intermediate resonating structures. 
The divalent anion transforms to caibinol, figure XXX, a trivalent anion, 
when excess alkali is added, and thus loses the colour. 

An analogue of phthaiein is fluorescein, figure XXIII that differs 
only in the presence of an oxygen bridge. Both phenolphthalein and 
fluorescein in alkaline medium exhibit bathchromic shift. In each case, 
alkali produces an ion that can be represented by two equivalent resonating 
structures. Thus the alkali produces ions that are stabilized by resonance 
and this leads to absorption at longer wavelengths. Fluorescein has two 
equivalent resonating structures shown in XXXla and XXXIb in the alkali 
medium. 

Fluorescein, as expected, absorbs at shorter wavelengths than 
phenolphthalein. The flurorescein anion is red ( A max in water 500nm) 
where as phenolphthalein anion is magenta (A max in water 552nm). 
Fluorscein absorbs at shorter wave length because in it, charge distribution 
between two oxygen atoms is decreased due to the oxygen bridge of the 
pyrone ring, which is capable of forming a double bond with the ring 
acquiring some of the available charge. Fluorescein is characterized by a 
strong green fluorescence and many of its derivatives are also fluorescent. 

Eosin, figure XXXII, having bromine atoms at ortho positions to 
pyrone oxygen, electron density of carbon atoms of pyrone is increased 
and consequently it hinders oxygen to take up part of the oscillating 
charge. It is evident fi'om the structure of phthaiein, figure XXVII and 
XXIX and also from the above considerations that only part of the 
molecule which is shown above the dotted line plays important part in the 
light absorption as regards the main absorption band of the molecule. The 
removal of the carboxyl group in the compounds, figure XXXin to 
XXXVI doesn’t affect the position of the absorption maxima in 
compounds, figure XXXVK to XL. A number of workers^*^'^*^^ have 
studied the effect on light absorption by making changes in lower part 
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(below the dotted line ) of the molecule figure XXIII and XXVI, and could 
find so significant changes in X thus confinning the previous 
observations. Ghatak and dutt^*^ have prepared phthaleins of the type XLI 
in which two hydroxyl molecules are dissimilar. They also prepared 
asymmetric fluoresceins where the substituents in the two sides of the 
fluoron nucleus are not identical, figure XLll and XLIII. 

Recently, Gupta, Beg, Ali et al. have prepared and studied the 
chemistry of some novel analogues of phthalein and succinein dyes; 
specially their synthesis and colour. The present investigations are in 
continuation of the work that has already been done by Beg et al. 
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From the foregoing discussion contained in the first introductory chapter, it 
is obvious that if a change is to be made in the frequency of the first absorption 
band, it is futile to tackle the acid part in the resonance of the molecule, but at the 
same time it has been observed tihat alteration in the number of auxochromes, 
their position and nature in resonating part produces a marked effect on A It 
has already been described that two qumonoid fcHms XXVIl and XXIX in the 
alkaline medium can represent the l^one form of phenolphtihalein. Thus, if a 
condition could be created to accomplish rmiical alteration in molecule by 
replacing one of the hydroxyl aromatic nuclei by an alkyl or an aryl group or by a 
heterocyclic ring, the resonance in tihe {^lenolfMhalein nucleus is rendered 
possible in one of die two quinonoid form mentioned above and the colour 
development of the substance will be expected to be much less intense than in the 
case of phenolphthalein. To study this effect of the above planned alterations in 
the upper part (non acid) of the phthalein molecule, twelve /-keto acids (series 
A,B,C) were prepared and condensed with various aromatic hydroxyl compounds 
to get novel analogues of the phthaleins. 


To see the effect of the lower acid part in the colour of the dye, four /? - 
aroyl propionic acids (series D) were also prepared and condensed with various 
phenolic compound to get novel analogues of succcineins i.e. succin-as-eins. 
General structure of phthal-as-cins and succin-as-ems prepared are given by XLV 
A and B respectively. 


ACIDS OF SERIES A 


1. 

2. 

3. 

4. 


2-(2’ 4’ dimethyl benzoyl) benzoic acid 


2-(3’ carbmethoxy 4’ hydroxy benzoyl) benzoic acid 
2-(5 ’ chloro 2’ chloromethyl benzoyl) benzoic acid. 


2-(3’ acenaphthoyl) benzoic acid 


AC IDS OF SERIES B 


1 . 2-(2 ’ 4’ dimethyl benzoyl) tetrachlorobenzoic acid 


jil 
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2. 2-(3’ carbmetfioxy 4’ hydroxy beaizoyl) tetrachlorobenzoic acid 

3. 2-(5’ chloro 2’ chloromethyl benzoyl) tetrachlorobenzoic acid. 

4. 2-(3’ acenaphthoyl) tetrachlorobenzoic acid 


.!( /AS Ol SfRU S C 


1. 

2 . 

3. 

4. 


2-(2’ 4’ dimethyl benzoyl)-3- nitrobenzoic acid 
2-(3’ carbmethoxy 4’ hydroxy benzoyl)- 3- nitrobenzoic acid 
2-(5’ chloro 2’ chloromethyl benzoyl)- 3- nitrobenzoic acid. 
2-(3’ acenaphthoyl)- 3- nitrobenzoic acid 


ACIDS OF SERIES n 


1. p -(2, 4 dimethyl benzoyl) propionic acid 


2. p -(3 carbmethoxy 4 hydroxy benzoyl) propionic acid 


3. -(5 chloro 2 chloromethyl benzoyl) propionic acid. 


4. /? -(3 acenaphthoyl) propionic acid 


The nomenclature of these dyes has been arrived at by considering the 
as5nnmetiy in the structure of the molecule. These may regarded as mixed or 
unsymmetrical phthaleins XLV-A as derivatives of phthalide, and unsymmetrical 
succineins XLV-B. For convenience and uniformity, and owing to the 
asymmetric carbon (C) present in all, the more satisf^tory nomenclature for 
XLV-A and XLV-B is adopted, and the compounds are named as follows; 


Phthal-as-eins, Succin-as-eins, as representing asymmetry, ein representing 
the class of cfyes (Phthalein or succinein). 


STRIK TI RE OF PHTHAL-AS-ElNS: 


On the basis of study of the chemical constitution of these XLV-A dyes 
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For dyes derived from series A, B, C and D 


R = 2, 4 dimethyl phenyl {-Cg H 3 (CHj^g ) ; 3 Carbmetho}^ 4 - Hydroxy phenyl [. 

2 Chloromethyl, 5 Chrior^phenyl [ 

. R,, R2, R3. R4. Rs. = H or OH; 


^CH,C 1 1 ; 3 - acenaphthyl [ 
H orBr 


R,= R3=0.0C-CH 


H (for dyes derived from series A) 


R4’ = Cl (for dyes derived from series B) 

H; R4’ = NO2 (for dyes derived from series C) 


C(:)(:)rii:,'CJT 


II OR Cl 



(discussed in the preceding section) structure XL VI has been assigned to phenol- 
phthal-as-eins. 

It may be noticed tiiat the assigned structure of phcnol-phthal-as-cin XLVI 
is similar to dimethy" and dicthy’^ XLVII derivative of phenolphthalein. In these 
derivatives, there seems the possibility of tiie same type of resonance to occur as 
exhibited by pheno^hthalein itself In the same way the resonance of 
phenolphthalein type will be altogether absent in XLVI. 

The anolo^e of dimethyl derivative is orange red and the corresponding 
diethyl derivative is yellow even in the ^lid state. 




The representative dyes of this series are the following 


1 . 2,4 dimethyl phenyl phenol phihal-as-ein. 

2. 3 carbmethoxy 4 hydroxy phenyl phenol phthal-as-ein 


3. 5 chloro 2 chloromethyl phenyl phenol phthal-as-ein 


4 3 acenaphthyl phenol phthal-as-ein. 

The above four dyes are brown, dark brown, brown and reddish brown 
respectively. 


The representative dyes of this series are the following: 

1 . 2,4 dimethyl phenyl, phenol tetra chloro phthal-as-ein. 

2. 3 carbmethoxy 4 hydroxyl pl^yl phenol tetra chloro phthal-as-ein 

3. ^^ ^chloromethyl §-eWef©phenyl phenol tetra chloro phthal-as-ein. 

4. 3- acenaphthyl phenol tetra chloro phflial-as-ein 

The above four dyes are pale rosy ,pinkish white, li^t red and rosy respectively 



SUaLS ( : 


1. 

2 . 

3. 

4. 


The representative dyes of this series are the following. 

2, 4 dimehtyl phenyl phenol nitro phthal-as-ein. 

3 carbmethoxy 4 hydroxyl phenyl phenol nitro phthal-as-ein. 
5 chloro 2 chlorometiiyl phenyl phenol nitro phthal-as-ein. 

3 acenaphthyl phenol nitro phthal-as-ein. 


The above four dyes are pinkish red, light pink, pinkish white and light 
pink respectively. 


SERIES I): 


The representative dyes of this series taken are as follows: 


1. 2, 4 dimethyl phenyl phenol succin-as-ein. 


2. 3 carbmethoxy 4- hydroxyl phenyl phenol succin-as-ein. 

3. 5 chloro 2 chloromethyl phenyl phenol succin-as-ein. 


4. 3 acenaphthyl phenol succin-as-ein. 


The above four dyes are leaf-brown, brown, gulf-red and leaf green 
respectively. The colour of these phenol phthal-as-ein dyes in neutral as well as 
alkaline medium and their values, are given in tabular form at the end of 
this thesis. 


The colour of phenol phthal-as-eins may be explained, as already 
discussed, and interpreted in chapter I. 


The colour of phenol tetra chloro phlhal-as-eins may be explained on the 
basis of resonance occurring among various neutral (XLVIII and XLIX) and 
polar (L and LI) structures of the molecules. Ehie to occurrence of resonance in 
the molecule, the presence of qunonoidal conjugation becomes possible in 
different participating structures and at he same time tiae formal charge is meated 
in the polar resonating states in the basic medium. A symmetry of 
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pheirolphthalein is altogedier absent here but possibly tilw charge travels throu^ 
the dotted lines (LI) and the absorptiiwi maxima is nearly the same as that of 
phenolphthalein (^^VII-XXIX) in moderate basic m«lium. The phenol tetra 
chloro phthai-as-eins studied here exhibit similar behaviour in basic medium as 
phenolphthalein The monovalent anion of frfienolphthalein is coloudess 
denvative, while the divalent anion (XXVII and XXIX) gives pink colour but the 
trivalent anion (XXX) is again colcxirle^. In the smne way the present phenol 
tetra chloro phihal-as-eins de^hed in the diesis give pink colour in moderate 
basic medium and the disodium salts become almost colourless anions with 
strong acids show again the enhancement of cotoiir (L). 

Similarly, the colour of fdienol nitro idithal^as-eins incorporated in the 
thesis may also be explained by considering tibe neutral (LII) and (LIII) and the 
polar (LI V) and (LV) resonating structures for the molecule. 

The colour of the rescHcinol {dithal»as>eins (LVI) may be explained in 
relation to their chemical structures discussed in the preceding section on the 
basis of description in the case of phenol phdial>as-eiiis. 


Resorcinol Phthal-as-in 
LVI 

In resorcinol phthal-as-eins, there are two hydroxyl groups (2:4 position) 
instead of one hydroxy ^oiq) (4 position) in die hydroxyl aromatic part of the 
molecule (LVI). Out of die two hydrosiyl grmigis, one sujts as a chromophore to 
produce conjugation, while the odi®r hydroxyl grcnqi acts as an auxochrome. 
Hence, even the neutral molcxatle can possible exist as a resonance hybrid of the 
LVI to LVin structures. Thm, die cokmr of die resorcinol phthal-as-eins is well 


I 

I 


I 
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accounted for either in solid state (yellow, yellowish orange, yellowirfi Iwown) 
as well as in neutral medium ( ^ 4^-485 nm). However, by the addition of the 

alkali, the polar forms (LVIIa, LVlIIa, LVlIb and LVIlIb) of the molecule are 
produced resulting in increase in the number of resonating structures of the 
molecules. This increase is responsible fm- prodiKnng more crowdW and 
depressed energy levels; consequently a balhochromic ^ift in takes place. 
Actually all these dyes have absorption bands at 460-485 nm in neutral medium 
while in slightly alkaline A««at 490-520 nm have been observed. 

In most of the poly hydroxy phcmol phthal-as-eins, one hydroxyl group 
takes part as the chromophore and rest of the hychroxyl groiq^ present, may act as 
auxochromes causing a respective deepening of the coloinr of ttese dyes 
(appearance varies from yellow to dark brown). In some cases these dyes e.g. 
Hydroquinone, Catechol, Phloroglucinol and Pyrogallol phthal-as-eins have been 
found to decompose in alkaline medium. Due to this decomposition of dyes, 
reliable absorption maxima can not be determined. Hence, it is difficult to put 
forward a satisfectory explanation for their colour. 

COLOI R OF SVC€IN-AS-Eim AND A..,., CALCVIA TIOSS: 


The Imax value for various forms of succi-as-eins have been observed by 
some workers and it falls between 390-430 nm. In the present investigation, the 
succi-as-eins were prepared from four fi -aroyl jM-opitmic acids. The various aryl 
phenol succi-as-eins are represented by the resonating structures LIX, LX and 
LXI which also explain their colour and A (425 -440 nm) here R = substituted 
phenyl and structure LXI makes a real ccotribution in alkaline medium. The 
dotted line indicates the possible path of travel of die electron along the 
conjugated chain. In this case it is not possible for conjugation to extend beyond 
the chiral carbon atom present at position 6 and the pi - electron gas consist of 8 
electrons for four pi bonds (i.e. m = 4), out of which six electrons are contributed 
by three double bonds and two electrons by the charge free oxygen atom 01 (i.e. 
four pi bonds are contributed in the coulombic field). Stretching of electron gas is 
not at both ends, but only in tme end i.e. a = a/2, hence from equation 8 of the 
first chapter. 

>^niax= 127(m+ a/2)^/(m + 3/2)nm 

= 127 (4 + 0.33/2)" / (4 + 3/2) = 400 nm 

The A max observed is in the range of 425-440 nm. It may be noticed that 
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Ae two values are in good agrcemont. In die case of succi-^-eins conjugation 
does not extend tieyond die chiral caribou atom at positiem 6^ (like fttschone 
structure XXII and its is 390 nm.) as shown in structure (LXl) where 
resonance wcurs only in ring B and this ring possesses benzenoid as well as 
qumonoid forms where no formal char^ is fmmd in tlw! resonating forms, as the 
charge present in the carboxylate is insulated. 

The max values of various aryl resorcinol succi^as ~eins fall in the range of 
aryl resorcinol phtiial-as^ins (480 nm and in alkali 500 nm) which is expWned 
well when the resonating structures (LXII to LXVI are considered. These 
structure LXII to LXVI explain the colour of the c^es even in the solid state as 
due to the formation of ionic structure LXV and LXVI in alkaline medium, a 
bathchromic shift (500-480- = 20 nm) is observed. 


In the case o- quinonoid structure LXIV and 
contribution than die p 
auxocromic effect of the OH j 
value is found in the range of the {dithal- 

It may be well concluded from the foregoing discussion that no single 
theory of the colour of the dyes is enable of explaining and predicting the colour 
with a fair degree if accuracy. However, inspite of this almost sweeping 
observation, FEMO gas model has been found a better fit than the other theories. 
There might arise a few mathematical complexities in the application of the two- 
dimensional free electron gas model. As far as rigrous assumptions are 
concerned, all the dieories, VB, MO and FEMO require these without which it 
would be impossible to make any calculation even for very simple molecules. 


LXVI make more 
quinonoid st]nK;tures LXIII and LXV. Due to 
group situated meta to quinonoid oxygen Imax 
[-as-eins. 


The theoretical values of absmptimi maxima of ph^ol phthal-as-eins may 
only be calculated by making rigOTous apfH'Oximatimi for the 7t~ electron gas 
model (equation 8, chapter I). Here each <fye molecule is unsymmetrical; hence 
two equivalent extreme structures widi formal charge like phenolphthalein or 
fluorescein are not possible. Thus, unsymmehrical extended conjugated chains 
with formal charge at one end only may be present in all the resonating forms, 
contributing to Ae dye moteculc. IhereftKe, fix calculation purposes major 
contributing structures LI and LVIIa are cemsidi^ed. Here in all ten electrons are 
required to take part in the formation of ^r - electron gas, eight n electrons of four 
It bonds and two it electrons from the dmrge fiiE» Ql (neutral oxygen atom). The 


i 

I 
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have beai depicted by dotted lines and for 
simp ification, the lower portbn is neglected by making iq^oxiinations diat do 
not vitiate the results. Thus, a polar five n electron gas is possible which is 
responsible for the creatton of Coulomb force along the polar molecufe with 
tf - consider the stretching beyond the two ends of die conjured 
chain, here It is possible only at one end le. at Ql. The value a= 0.33 has been 
denved from the obseived value of benz^e dye XXV depicted in the 
first chapter with oxygen end grouf^. Thus Ity applying the equatiem 8. 

'^max"“ 127 (m+ a/2)^(m+3/2)mnm 

= 127(5 + 0.33/2)2/(5 +3/2)nm 


The value may be regarded as in agreement with the observed value of 
phenol phthal-as-eins (530-560 nm) and resorcinol phthal-as-eins (530-560 nm). 
It has not been possible to apply the free electron molecular orbital treatment in 
the cases of polyhydroxy phenol phthal-as-eins due to unmanageable difficulties 
presented by their structural complicatkins to derive a s implifi ed expression for 
the calculation of dieir absmption maxima 

H.Kuhn has mote given a refined treatment on the basis of ‘one 
dimensional wave shape pc^endal model’ which is applicable for completely 
symmetrical type of dye molecules. A still better treatment on the basis of ‘two 
dimensional electron ^s mc^el’ has been proposed by the same author^ and it is 
claimed that this may be applied to tfye molecules of any compheated shape. 
However, the prospect of mathematical calculations is very discouraging. The 
various phenol phthal-as-eins prepared i.e. 2, 4 dimethyl phenyl, phenol phthal- 
as-ein, 3 carbmethoxy 4 hydroxy phenyl phenol phthal-as-ein, 5 chloro 2 
chloromethyl phenyl phenol phthal-as-ein and 3 accn^hthyl phenol phthal-as- 


The coloum and the vahi^ of the dyes,2,4,di methyl phenyl phenol 
tetra chloro phflial-as-em, 3* c^braetiioxy pfa^yl phenol tetra chloro 
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phthal-as-eim, S^WoTo 2>^}ofxniietf^! plMoyr) phenol tctra chl(»ro phthal-as- 
ein,3''acenapnuiyi phenol tetra chloro pbthtd-as-ein; 2,44tnoiethyl f^enyl phenol 
nitro phthal-as-ein, S-caihmethoxy 4-hydroxy [rfienyl phenol nitro phthal-as-ein, 
methyl ^enyi phenol nitro i^diaj-as-ein,3-^cenaphthyl phenol 
, >m«x 530-535 nm), orange ( A„„ 520-530 ran), light 
530 nm), li^t brown ( 500-530 nm),ligjht red (/!«,« -520nm), 

510-530 nm), li^t brown (A mm, -535 nm'i and Hofht brown f J 


nitro phthal as-ein are pkik(;i 
brown (A max 
pinkish (A^s. 

^ -'C7— - \ 11111/ cMiut uiuwn \Jimm 

510-530 nm) respectively. These dyes are colourless in the neurtial m^ium and 
m basic mediiim give violet, reddish orange wife green fluorescence, light violet, 
violet, pink and pinkish red colours respectively. 

The above -imax values observed are in good agreement wife 
values found for analogous phenol phfeal-as-eins. 

1. Phenol phthal-as-eins, Anm , 550 nm in alkaline medium. 

2. Phenol tetra chloro phthaleins, A max , 580 nm in alkaline medium 

3. Phenol nitro phthaleins, A max , 560 nm in alkaline medium. 

The higher A max values observed in the case of some phenol tetra chloro 
phthal-as-eins and phenol nitro phfeal-as-eins may be attributed to fee presence 
of auxochromes in the phenyl ring. These grotq>s may be responsible for the 
enhancement of colour. Nitro grmip in fee acid jwirt in phenol nitro phfealeins and 
chlorine atoms in fee phenol tetra chloro phfealeins may be partly responsible for 
the enhancement of Amax values and the colour of fee dyes. 

In various resorcinol phthal-as-ein dyes prepared fee A max (460-480nm in 
neutral and 4%-520 nm in fee alkaline molium) is lower than the Amax values 
observed in various phenol phthal-as-ein e^es pre^>ar6d during fee present 
investigations. A possible explanation for this observation may be feat in 
resorcinol phthal-as-ein dyes LVI, ttore are two hydroxy p'oups at 2:4 positions 
instead of one hydroxy groiq> at 4 position as in phenol phthal-as-ein dye 
structure XLVI. Thus, in one of fee mran contributmg structures of fee molecule, 
conjugation is blocked beyond the 2 hydroxy group LVIIa and consequently, the 
length of the conjugated chain is decreased This shortening of the conjugated 
chain (LVIIIa) m^ be held responsibfe for fee lowraing of fee Am®c values in 
these compounds. 




All fee resorcinol phthal-as-eins bodied Imve absorption maxima at 460 


I 

i 

f 



480 nm in neutral medium, ami 490-520 nm in moderate alkaiine medium. Value 
of absorption maxima for dicse resorcinol phtiial-as-etn dyes have been presentml 
m a tabular form at the end of this thesis. 

In Ae case of novel analogues of suceineins, the values have bera 
observed for the resorcinol dyes. 


aimemyi pnenyi resorcmoi succm-as-ein, 3- carbmethoxy 4- hydroxy 
phenyl resorcinol succin-as-ein. 5-chloro 2-chloromdhyl phenyl resorcinol 
succin-as-ein and 3- acaiaphthyl resorcinol succin-as-ein were prepared. The 
colour of the dyes and their values are dark brown (A„„ 460-500 nm ), 
reddish black 455-500 nm). light brown 455-510 nm) and brown 
(>^max 470-500 nm) respectively. These values are in good agreement with 
the reported aiylated succin-as-eins. 


1 . The significant difference between the phdialein dyes (p5U‘onine dyes) and 
phthal-as-ein dyes reported in the present dissertation may be observed that while 
considering the different charged structure to explain their respective colour or to 
calculate the theoretical value of, in di® first case tihe ackl part is n<A cemsidered at 
all while in the second case the acid part is involved and is capable of producing 
a number of charged structures which may be held responsible for their colour. 

2. Practically, there is no significant effect of different substituents in the 
aromatic ring of the acid part but it may be noted that the phthal-as-ein dyes 
derived fi'om y -keto acids having 2, 4 dimethyl pft^nyl, 3- carbmethoxy 4- 
hydroxy phenyl, 5-chloro 2-chloromefliyl phoiyl and 3- acenaphthyl subsutituted 
in the lactol carbon (central carlxin atom) show a little more bathochromic shift. 
As already explained it might be due to these very substituents mentioned above. 

3. The distinguishing feature of the two types of dyes ( phthal-as-ein XLVa 
and succin-as-ein XLVb) is that the structure XLVa contains phthalide (aromatic 
lactone system) whereas structure LXVb ermtains butyro lactone ^stem. When 
the quinonoid forms of the two class of dyes i.e. LI and LXI are compared, it is 
observed that in die case of phthal-as-ein (smucture LI), the conjugation is 
extended between oiq^gen atom present in ring (B) at position 1 to 8 of the ring 
(C) beyond die chiral carbon atom presem at position 6, which is not possible in 
the case of succin-as-cins (structure LXI), even then A values of two classes 
of dyes fell within the same region. The high value for for succin-as-eins 
has already been explamed tibat die ofdio qumonoid form makes much more 
contribution than the para quinonoid form and dm auxochromic effect enabled 
the structure to show 1 max value in the range of phthal-as-eins. 


i 

I, 

fili 
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4. Thou^ no <Mie single ijbeofy is able to explain aiMl prixiict the colour and 
the absorption maxima of all types of dyes, still the FEMO gas theory is the best 
at present to calculate and predict the colour and absori^ion maxima after making 
some assumptions which do not vitiate oin problem at all. In the present work, 
the FEMO gas model has been sitecessfully employed and the calculated values 
are in excellent agreement with the deserved. 

ciii- MH ii. ( (fssTin nos ot putha-as^eis mus: 

The open chain substituted or unsubstituted y -keto acids possess a 
characteristic structural requirement due to which Ih^ are c^jable of existing in 
cyclic tautomeric form too. The formation of dte ring tautomer (lactol form^ ) 
takes place due to electrophilic ring clmin tautomerism where the electrophile is 
the proton (hydrogen). Amount of lactol Spends on the extent of prototropic 
change. Generally it has been observed tiiat the y -Iceto iteids exist chiefly as 
lactol or equilibrium mixture of ring and chain tautomers^' * . The lactols give 
well-defined crystalline acetyl derivatives, still raining their cyclic structures. 
Therefore, it is obvious that the cyclic tautomer is comparatively more stable 
form than the chain isomer^'^^ . The foonation of pseudoesters’^ of o-benzoyl 
benzoic acid LXVII has been proposed on the basis of cyclisation of lactol 
LXVIII that can yield a pseudochloride*'’ LXIX. This pseudochloride on heating 
with appropriate alcohol yields the corresponding ester LXX. 

Formation of compound LXXI fi’om o^)enzoyI benzoic acid and 
metaxylene catalyzed by perchloric acid has been proposed throu^ the 3-phenyl 
phthalyl carbonium ion, where the precumor of this carbonium ion is definitely 
the cyclic isomer*^’*^ LXVIII of 0-bcnzoyl benzoic acid. 

The formation of lactol intermediate has also been used to explain some of 
the other chemical reactions of o4)meoyl benzoic acid e.g. the reductive 
coupling*^ of the acid with pho^horous and hydroiodic acid. The cyclic 
structures for psedoesters have beon confirmed by IR** and Raman*® spectra. 

0-acetyl benzoic acid has been shown to yield the aceyl derivative throng 
the formation of lactof intemtodiate as m the case of o-benzoyl benzoic acid. 
Peculiarly enough ,o-acetyl b^izoyl chloride chemically behaves abnormally. All 
attempts fail to convert o-acetyl braizoyl chloride mto o-acetyl benzaldehyde by 
Rosenmund reduction or into o-diacetyl benzene^ . Its cmiversion to amides with 
amines has also resulted in failure or very ^mr yiekf * . This abnormal chemical 


- 68 - 





behaviour of o-acetyl benzoyl chfcMride is actually to be expected, if one considbrs 
that acid chloride prepared m each case widi ihionyl chlorkte, is undoubtedly 
cyclic and ring tautomeric acid chlorides invariably lead to cyclic products rather 
than those intended in the above pnepteative attempts. ITte iactol formation has 
been fiirther confirm^ by IR" and NMR^^ spectral studies. Recently, it has beai 
reported that the acid in liquid h>nn exists chiefly in the Iactol form^^. 

pseudoesters as well as a large niunbear of other alkyl 
derivatives of phthal aldehydic acid LXXIl can be explained by considering 
the Iactol L^OQII fonn of the acid. NMR spectra of pht^dehydic acid and o- 
acetyl benzoic acid indicate that the acids exist in cyclic forms^’ . IR spectrum of 
phthal aldehydic acid shows bai^ at 3322 cm** , 1745 cm"* which support the 
presence of the acid chiefly in the Iactol form. 

Open chain y ~keto acids viz. Laevulinic acid or p -acetyl propionic acid 
(LXXIV, R=CH 3 ) and -benzoyl propionic add (LXXIV, RCs H 5 ) have also 
been reported to exist in their tautomeric Iactol fmms LXXV. 


COCH 


COOH CH 


LXXIV 


LXXV 


These two /-keto acids form acetyl derivatices*^’ ^ LXXVl that is possible 
through their Iactol fonn only. Due to this type of chemical behaviour, laevulinic 
acid has been shown to be mixture of ring and chain tautomeris^’ It has been 
noted that ring tautomerism^^ is furihar ejalted by changing R to larger alkyl 
group or aryl gyoup and it iurth^ increases when hydrogen atoms on a -carbon 
atom to the carboxylic gFoiqi, are also changed to larger alkyl group a~p- 
ethylenic bond . Invariably the cycUc isomer has Iteen found to predominate in 
solution. 




Sixteen y-keto acids listed earlier in the ch^er in four different saries 
i.e. A.B.C. and D have been used for preparation of dyes described in the 
presentation. IR spectral examination of diese ^ids clearly reveals their existence 
as a mixture of ring and chain tautomers. There are notable peaks showing the 
presene of diaryl ketoic >C=0 (1675-1700 cm ’ ); and aryl ketonk group -CHj - 
CO-Ar (1660-1670 cm’ ); caiboxyl>C=0 (1695-1710 cm * ); and lactonic >C=0 
(1735-1790 cm‘ ); caitoxylic -OH (2600-2700 cm ’ ) and l^tol -OH (3100- 
3500 cm’’ ). 

IR spectra of acetyl derivatives of the acids were also studied. It showed 
notable peaks of >C = O in acetate (new peaks 1000-1250 cm ’ and 1735-1760 
cm ); and lactonic >C = 0(1735-1790 cm"’ ). The peaks due to diaryl Ketonic 
>C=0 (1675-1700 cm"’ ); aryl ketonic >C = O (1660-1670"’ );caiboxylic >C = O 
(1695-1710 cm"’) carboxylic - OH (2600-2700 cm"‘)and lactol -OH (3100- 
3500 cm ), which were present originally in acids found absent in the acetyl 
derivatives of the acids. 


Chemical shifts recorded in NMR spectra of different £u:ids (1-16) and 
their derivatives further confirm the presence of lactol tautomer in each case 
(r=4.2 -4.35) which disappears in the case of their acetyl derivatives and a new 
chemical shift of O-COCH3 (t =7.65-7.85) was observed. Thus, it is amply clear 
that the X“keto acids exist in keto as well as lactol form which means it is 
possible to condense these acids wifli different phenolic compounds giving 
uns5mimetrical phthaleins and succineins. In addition to the above characteristic 
chemical shifts, oftiers were mostly of aromatic protons ( t =1 .85-3.45) depending 
on the chemical environment in the aromatic rings. However, chemical shift of - 
COOH in the keto form could not be reem'ded as NMR spectra were recorded on 
VarianA-60. 


Thus, from the IR and NMR spectral studies of acid and their acetyl 
derivatives, it is quite clear that /-keto acids exhibit the phenomenon of ring 
chain tautomerism and mmt of their chonical reactiems take place via more 
stable lactol (ring) form. Now it is quite certain that the cyclisation of /-keto 
acids provides a hydroxyl groiq) in the fisam of the conesponding lactol, which is 
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capable of condensing witii vaiioiis aromatic hydroxyl compounds resulting in 
the formation of the novel analogues of phthaleins^ (phthal-as-eins) and succinics 
(succin-as-eins). It is also quite reasonable to concluck that the acetylation of y 
keto acids takes place via the ring tmitomer (lactol form), and also that acetyl 
derivatives of the ^ids, phthal-as-a-eins and siKxin*as-eins possess cyclic 
structures. 


Thus, the formation of acetyl derivatives, phthal-as-cins and succin-as-eins 
may be shown in the form depicted cm the next page. 

Recently, Gupta, Beg, AM and coworkers^’*^ have reported die preparation 
of a large number of mixed phdial-as eins and succin-as-eins firmn y-keto acids. 
They have also shown that die lactol form of y-keto acids is involved in the 
syntheses of these compoimds. 






CtjEMJMLSmUCIMEE OF PHTHAL-A S^ EtNS AND SUCON-A 

EINS DYES: 


Here, an attempt has been mswle to a^gn sui^le and satisfectcM^ 
chemical structure to vanous novel analogii^ of pbthaleins (phthal-as-ein and 
succcin-as-eins) incorpoiated in the thesis on the basis of th^ir chemical 
behaviour and the study of IR and NMR spectra of ^ -kcto ^ids used for the 
s3mtheses of phthal-as-^ins and succin-as-oins. In mder to establish the 
chemical structure; following sixteen represeotbitive dyes have chosen: 

A. 1 .3 (2, 4 dimethyl phenyl) reJM>rcinol phthal-as-ein 

B. 1 .3 (2,4 dimethyl phenyl ) resorcinol tetra cWoto phtha-as-ein 

C. 1.3 (2,4 dimethyl phenyl) resorcinol nitro phthal-as-ein 

D. 1 .3 (2,4 dimethyl phenyl) resorcinol succin-as-ein 

A. 2.3 (3- carbmethoxy 4- hydroxyl phenyl) resorcinol phthal-as-ein 

B. 2.3 (3-carbmethoxy 4- hydroxyl phenyl) resorcinol tetra chloro 

phthal-as-ein 


C.2.3 (3- carbmethoxy 4- hydroxyl phenyl) resorcinol nitro phthal-as- 


D.2.3 (3- carbmethoxy 4- hydroxyl phenyl) rcsorcinol succin-as-ein 

A. 3. 3 (5- chloro 2-chloromethyl phenyl) resorcinol phthal-as-ein 


B.3 .3 (5- chloro 2-chloromethyl phenyl) resorcinol tetra chloro 

phthal-as-ein 


C.3.3 (5- chloro 2-chloromethyl phenyl) resorcinol nitro phthal-as-ein 


D.3 .3 (5- chloro 2-chloromethyl phenyl) resorcinol succin-as-ein 


A.4.3 (3-aceEaphthyl) resorcinol phthal-as-ein 


B.4.3 (3-acen^hthyl) resorcinol tetra chloro phthal-as-ein 


C. 4.3 (3-acenaphthyi) resorcinol nitro phthal-as-nein 

D. 4.3 (3-acenaphthyl) resorcinol succin-as-ein 

For each dye a suitable molecular ^riK^e has Ix^ suggested on the 
basis of its elemental analysis, molecular wei^t determination, identification 
and determination of the number of the characteristic functional groups. Study 
of brominated product and detmninafion of number of bromine atoms in each 
case has been used to find out the number of resc»rciiK>l molecules in a dye. 
Each dye has also been subjected to caustic potash treatment that has helped in 
assigning the structure of the dye on a firmer basis. 

Their IR spectra and also fiiat of their acetyl derivatives have further 
supported the structures of dyes chosen. Each dyes shows peak due to 
lactonic>C=0 (1735-1790 cm-1 ) and the pl^imiic hydroxyl group (3300- 
3500-cm-l). The peak due the hydroxyl group dofesnot appear in the IR 
spectra of the acetyl derivatives. New esto' peaks were observed in the range 
of 1000-1250 cm-1 and 1735-1760 cm-1 in the spectra of these acetyl 
derivatives. 

AJJ STRUCTURE OF (2, 4 DIMETHYL PIIE.MIJ RESORLlSOi 
PHTHAL-AS-EIN: 

The dye was prepared by condensing 2-(2’ 4’ dimethyl benzoyl) 
benzoic acid and resorcinol in presence of a few drops of concentrated 
sulphuric acid as the condensing agent as described in a subsequent chapter. 
The dye 2, 4 dimethyl phenyl-rescffcinoi phthal-as-ein having molecular 
formula C 22 H 18 O 4 molecular wei^^& on acetylation yielded a diacetyl 
derivative indicating the presence of two phenolic groups. When brominated 
with calculated amount of bromine, the cfye gave a dibromo derivative 
confirming the presence of a molecule of resorciiK)! inf the dye. On caustic 
potash treatment the dye yielded a molecule of 2-(2’ 4’ dimethyl benzoyl) 
benzoic acid and a molecule of resofcinol. With an excess of bromine, the dye 
yielded a molecule of the same acid and a molecule of tribromo resorcinol. On 
the basis of chemical evidence, the structure LXXVIIa has been assigned to 
the dye. 

B.1J STRUCTURE OF (2, 4 DIMETHYL PHENYL) RESORCINAOL 
TETJRA CHLORO PHTHAL-AS-EIN 

The dye (2, 4 dimdbyl phenyl) resorcinol tetra chloro phthal-as-ein 
was prepared by condensing n^cweinol and 2-(2’ 4’ dimethyl benzoyl) tetra 
chloro benzoic in presence of coiKjentrated sulphuric acid as described later 
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LXXVIIa H 

LXXVIIb R‘,=R'= R‘= R,= Cl 

Lxxviic r:,=r;= r;= h, 


CHART A 





IL J/l (2, 4 DIMEIIIYL Hi EMU Mi:S OK( / \ Ol 
iS-E/^: 


The dye was prepared by condensing 2-(2’ 4’ dimethyl benzoyl)-3-nitro 
benzoic acid with resorcinol in presence of concentrate siq>phuric acid as 
described later in chapter on the expoimental part. The (^e having the 
Molecular formula C 22 H 17 NO 6 molecular wei^t 391, yielde a diacetyl 
derivative.eff on acetylation and on bromination t(x> with calculate amount 
bromine, gave a dibromo derivative, indiceng the presence of two phenolic 
hydroxyl groups in the dye molecule. Thus, only one molwule of resorcinol is 
present in the dye molecule. Caustic pota:^ treatment of the dye yielded a 
molecule of 2-(2’ 4’ dimethyl benzoyl)“3-nitro benzoic acid and a molecule of 
resorcinol. On treatment with excess of bromine, the dye molecule yielded the 
same acid and a molecule of tribromo resorcinol. From the foregoing reactions 
the structure LXXVBc was assigned to (2, 4 dimethyl phenyl) resorcinol nitro 
phthal-as-ein. 


All the reactions of the (fyes LXXVUa, b and c depicted in chart A. 


aU STRUCTURE OF (2, 4 DIMETHl 
SUCCIN-AS-EIN: 


The dye 2, 4 dimethyl phenyl-resorcinol succin-as-ein having the 
molecular formula C] 8 H]g 04 , molecular weight 298 was prepared by 
condensing “(2,4 dimethyl benzoyl) propionic acid with resorcinol in 
presence of concentrated sulphuric acid as described later in chapter on the 
experimental part. The dye yielded a di^fyl derivative on acetylatiion and a 
dibromo derivative too on brominatiicm wi^ calculated amount of bromine. 
Caustic potash fusion of the dye gave 4 dimethyl benzoyl) propionic 
acid and a molecule of rescacinol. Treatment of the dye with an excess of 
bromine yielded -(2, 4 dimediyl benzoyl) jw^qrionic acid and a molecule of 
tribromo resorcinol. Based on the evicfence cited above, the dye has been 
assigned the structure LXVUd. All the reactions have l^en depicted in Chart 






Smi:CTl 'RE , OF (3-CARBMt:TH()\ Y 4-iiM}R()\\ ; 


Hl.MHU PNHIAL-AS-EIS 


The dye (3 carbmethoxy 4-hydroxy phenyI)-resorciiK)I-phthal-as-ein 
having a molecular weight of 380, molecular formula, was prepared 

by condensing 2-(3’ carbmethoxy 4’ hydroxyl benzoyl) benzoic acid with 
resorcinol in presence of a few drops of crmcentrated sulphuric acid as the 
condensing agent as described later in a chapter on experimental part of the 
workjj^^.Jhe dye on acetylation with acetic anhydride in presence of glacial 
acetic fielded a triac^l derivative ami upon bromination with a calucated 
amount of bromine, yielded a tnbromo ckrivative, thus indicating the presence 
of one resorcinol molecule in dye molecule. Oi caustic potash treatment, the 
dye gave a molecule of 2-(3’ caibm^hoxy 4’ hycboxy benzoyl) benzoic acid 
and a molecule of resorcinol The dye, with excess of bromine yielded a 
molecule of the same acid and a molecule of resorcinol. On the basis of the 
evidence listed above, the structure LXVIIIa was proposed for the dye 


B. 2J STRi CrURE OF 3 CARBMETHOXY 4- HYDDROXY PllFWIA 


RESORC I \ OF- TETRA CHLORO PHTHAL-AS E/\ 


The dye 3-carbmethoxy 4-hydroxyl phenyl- resorcinol-tetrachloro 
phthal-as-ein having molecular formula C 21 H 12 O 7 molecular weight 518 was 
prepared by condensing resorcinol and 2-(3’ carbmethoxy 4’ hydroxyl 
benzoyl) tetra chloro benzoic acid in presence of a little sulphuric acid as the 
condensing agent as describmi later. The dye fonned the tiiacetyl and the 
tribromo derivatiues on acetylatiion and bromination with calculated amount 
of bromine respectively. It showed the presence of only one molecule of 
resorcinol in the dye molecule. Caustic pota^ fiision of the dye yielded 2-(3’ 
carbmethoxy 4 ’ hydroxy benzoyl) tetrachlmo benzoic acid and a molecule of 
resorcinol. On treatment with excess of bromine, die dye molecule yielded the 
same acid and a molecule of tribromo resm-cinol. Based on the chemical 
evidence it could be deduced that the structure of the dye was LXXVIIIb. 


PHENYL) -RESORCINOL NITRO^PHTHAL -AS ,m 

The dye (3-carbmethoxy 4- hydroxyl phenyl)-resorcmol-nitro-phthal-as- 
ein was prepared by condensing 2-(3’carbmethoxy 4’ hydroxyl benzoyl)-3- 
nitro benzoic acid in presence of a little concentrated sulphuric acid as the 
condensing agent as per details given later in die thesis. The dye molecule 
having the formula C 21 , H 15 , NO? molecular wei^t 425, gave triacetyl and 
tribromo derivatives on acetylation and bromination with calculated amount of 
bromine respectively. It showed the presence of only one molecule of 
resorcinol in the dye molecule. Cau^ potash fusion of the dye yielded 2-(3’ 




COOCH 

1 HCl 


LXXVm a.b .c 


•COOCH 
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carbmethoxy 4 hydroxyl beiizoyi)-3-iiitro benzic acid and a molcxjule of 
resorcinol. The dye, with excess of bromine yielded a molecule of the same 
acid and a mol€«:ule of tribromo resoncinol. This evidence clearly established 
that the structure of the dye is as depicted LXXVIllc. 

The foregoing reactions of the LXX Villa, b and c are shown in chart C. 







S’EIN 


This dye was prepared by comknsing r^rcinol with 0- (3- 
carbmethoxy 4-hydroxyl benzoyl) propionic acid in presence of some drops of 
concentreated sulphuric acid as the condensing agent as described later. The 
dye (3-carbmethoxy 4-hydroxyl phenyl)-rcsorcinol-siiccin-as-ein has the 
molecular weight of 344 molecular formula CigHiftOj on acetylation yielded 
triaetyl derivative and a trilHomo derivative too on bromination with 
calculated amount of bromine, showing the presence of only one molecule of 
resorcinol in the dye molecule. Caustic potash fusion of the dye yielded jS-)3- 
carbmethoxy 4-hydroxyl benzoyl) propionic acid and a molecule of resorcinol. 
On treatment with excess of bromine, the dye molecule yielded the same acid 
and a molecule of tribromo resorcinol. Based on the chemical evidence it 
could be deduced that the structure of the dye was LXXVIIId. 

All these reactions have been summarized in chart D. 

1.1.? STRIJCWRE OF (5-CHLORO 2-CHW ROM ETHYL PflENYU - 
RESORCINOL-PHrHAL-AS‘ElN: 

The dye (5- chloro 2-chloromethyl phenyl)-Tesorcinol-phthal-as-ein was 
prepared by condensing 2-(5-chloro 2-chloromethyl benzoyl) benzoic acid 
with resorcinol in presence of 3-4 drops of concentrated sulphuric acid as 
described later in the thesis. The dye molecule having the molecular formula 
C 21 Hi 4 CI 2 O 4 molecular weight 401, gave diacetyl and dibromo derivatives 
on acetylation and bromination with calculated amount of bromine 
respectively. It showed the presence of only one molecule of resorcinol in the 
dye molecule. Cairstic potash fusion of the dye yielded 2-(5-chloro 2- 
cWoromethyl benzoyl) benzoic acid and a molecule of resorcinol. The dye 
when treated vdth an excess of Iffomine joined 2-(5-chloro 2-chlorGmethyl 
benzoyl) benzoic acid and a molecule oflforomo resorcinol. These results 
lead us to fomulate tiK structure of the dye as LXXEXa. 


/5-CHLOIfO 2-CHLOROMETmL PHENYL 


RESORCINOL TETRA CHLORO PHTH AL-AS-EIN: 


The dye (5-chloro 2-chloromethyl phenyl) resorcinol tetra chloro 
phthal-as-ein was synthesized by die condensation of 2-(5-chloro 2- 
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The dye having molecular formula C17H14O4CI2 mol weight 353, was 
prepared by condeming j9-(5-chloro 2-chlcM-omethyl ben2X)yl) propionic acid 
with resorcinol in presence of a few (hrops of concentrated sulphuric acid as 
the condensing agent as (kscribed later in a ch^^^ on experimental part of 
the work. The dye formed the diacetyl and &e dibromo derivatives on 
acetylation and bromination with calculated amount of bromine respectively. 
It showed the presence of caily one molecule of rei^cinol in the dye molecule. 
On caustic potash treatment, the dye gave a molecule of /0-(5-chloro 2- 
chloromethyl benzoyl) propionk acid and a molecule of resorcinol. The dye, 


chart E 


All the epical reactioniof the dyes LXXIXa,b and c are summarized in 


MAMBVCWMUlt' ;>* LJJJ Of^Z: CHLOROMi: 
--^CIJS-AS-EIN: 


chloromethyl benzoyl) Mra chloco benzoic acid with resorcinol in presence of 
a little concentrated sulphuric acid as per descrifiAion later in the experimental! 
part. The dye ^ the molecular wei^t of 539, molecular formula CziHioCk 
O4 on acetylation yieldbhii^^ety I cterivativc and a dicromo derivative too on 
bromination with calculated amount of Iwominc, showing the presence of 
only one rnolecule of resorcinol in the dye molecule. Caustic potash fusion of 
the dye yielded 2 — (5-chioro 2-chioromethyi benzoyl) tetra chloro benzoic 
acid and a molecule of resorcinol. On treatment with excess bromine, the dye 
yielded 2-(5-chloro 2-chloromethyl tenzoyl) tetra chloro benzoic acid along 
with a molecule of tribromo rescMncinol. The dye thus assigned the 
structure LXXDCb. 


.3.3 STRUCTURE OF (5- CHL 


INOL NITRO PHTHAL-AS-EIN 


smmmmmpwmmmwTdmiarnMiMm 


The dye { 5 -chloro 2 - chloromethyl phenyl) resordnol nitro-phthal- 
as-ein, with the molecular weight 446 , molecular formula C21H13NCI2O6, 
was obtained by condensing resorcinol with 2~(5-cMoro 2-chloromethyl 
benzoyl)-3-nitro benzoic acid in presem^e of a small amount of sulphuric acid 
as a condensing agent as per detail listed later. The dye gave diacetyl and 
dibromo derivatives on acetylation aiul bromination with calculated amount of 
bromine respectively. It showed the presence of only one molecule of 
resorcinol in the dye molecule. Caustic potash fusion of die dye yielded 2-(5- 
chloro 2-chloromethyl benzoyl)-3-nitro benzoic acid and a molecule of 
resorcinol. Treatment of the dye with excess of bromine leads to the formation 
of 2-(5-chloro 2-chloromethyl benzoyl)-3-nitro benzoic acid along with a 
molecule of tribromo resorcinol. Based cm the evidence cited above, the dye 
molecule was assigned the structure LXXIXc. 





with excess of bromiM yielded a molecule of the same acid and a molecule of 

resorcinol. the basis of the evidence listed above, the structure 
LXXIXd was proposed for the dye molecule. 

4 All the reactioiBdescribed above have been summarized in chart F 

RESORC ISOL PHTlt {I.-AS-EI S: 

The dye (3-acen^hthyI)-resorcinol-phthal-as-ein was prepared by 
condensing resorcinol with 2-(3’ a^isenathoyl) benzoic acid using a small 
amount of concenbated sulphuric acid as the codensing agent. The dye was 
found to have a molecular formula C 26 Hig O 4 and molecular weight 394. The 
dye gave diacetyl and diln-omo derivMives on acetylation and bromination 
with calculate amount of bromine respectively. It i^owed the presence of only 
one molecule of resorcinol in the dye molecule. Caustic pc^h fusion of the 
dye yielded 2-(3’ acenaphthoyl ) benzoic add and a molecule of resorcinol. 
But the dye on treatment with excess of bromine formed 2-(3’ acenaphthoyl) 
benzoic acid along with a molecule of tridnomo restKcinol. The evidence 

conclusively pointed out the structure LXXXa for the dye. 

JLF S-AC ESAPHTHYU RESORCl.WI. TETRA 
CHLORO PHTHAL-AS-EIN “ 

^ dye (3’ acenaphthyl) resorcinol tetra chloro phthal-as-ein, having 

the molecular formula C 26 H 14 CI 4 O 4 and molecular weight 532 was prepared by 
the condensation of 2-(3’acen^hthoyl) tetra chloro benzoic acid with 
resorcinol in presence of concentrated sulphuric acid as the condensing agent. 
The dye formed the diacetyl and dibromo derivatives on acetylation and 
bromination with calculated amount of bromine respectively. It showed the 
presence of only one molecule of resorcinol in the dye molecule. On caustic 
potash treatment, the dye jdelded 2-(3’ acen^hthoyl) tetra chloro benzoic acid 
and a molecule of resorcinol was formed. The reaction of the dye with an 
excess of bromine yielded 2-(3’ acenaphtoyl) tetrachloro benzoic acid and a 
molecule of tribromo resorcinol. The dye was assigned the structure LXXXb 
on the basis of the above evidence. 

CAJ STRVCWRE OF (3- ACENAPHTHYU RESORCINOL MTRO 
PHTHAL-AS-EIN: 

The dye (3 acettaphthyl)-reseTcmol-nitro-phthal-as-ein has been 
prepared by condensing 2-(3’ ac»a^htiioyl)“3-nitro benzoic acid with 
resorcinol in presence of a few drops of concentrated sulphuric acid as 
described later. The dye with molecular weight 439 and molecular formula C 26 
Hi 7 NOe yielded on acetyylation a diacetyl darivative and a dibromo derivative 
on bromination with a calculated amount of hromme indicating the presence 
of a molecule of resorciiK)! in the bigger dye molecule. Caustic potash 
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LXXIXa R' =R',= R^r- »’,= H 
LXXIXb R;=r!,= R^ R,= Cl 

Lxx! xc r;=r;= r,= h. k = no. 


CHART G 



^^**^hthoyl>-3-nitro benzoic acid sund a molecule of 

ire^rhavn!f*lf ***" «f bromine yielded 2-(3’ 

On the bask nf vf with a molecule of tri bromo resorcinol. 

LXXXc. ®”“® above the dye was assigned the structure 

in chaifa'’^ reactionwf the dyes LXXXa, b and a are summarised 


114. J STRK 11 lU- ni. 


Mz^iL H^^rUTUM. } HI S()R( l\f)! St ( { / \ ■ 


The dye (3’ acenaphthyl) resorcinol succin-as^in was prepared by 
con ensmg aceciaphthoyl) propionic acid with resorcinol in presence of 
a little concentrat^ sulphuric acid as described later. It had the molecular 

1 ^ molecular weight 346. It yielded on acetylation a 

acetyl denvative and a dibromo cterivative on bromination with a calculated 
^ount 0 romine indicating die presence of a molecule of resorcinol in the 
bigger dye molecule. Caustic potash treatment of the dye lead to the 
ormation of mopiqnic acid alonu with 4 molequle of 

resorcinol. ste^ 

the basis of the evidence. 

All the reaction of the dye molecule have been graphically outlined in 
the chart H. 
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‘EXcpE<Rm<Emy ‘L 

cDurity tfie investigatiom kaSng to tBis pmmtatimjimr mm of 
y-Bfto (mdsweresytoAesize^^ iJinmfy^kscriS^mCBapmll tBe 
CaSeds^ ®, C amfO Have vuBcated ^ four series. iBe acids (fJl/B 
€(, C series were amdensadwitB various ammatk BydkxjQt compomds 
to get novedamUbgues qfpBtfudeins. *l3w memSers of 0 serks mads ie. 
p-aroyC propionic acids were condensed xvitB a^gkrent phnoGc 
(impounds to oBtain noveC analogues qfsuccmeins. IjBe erperimmiUd 
part cftBe investyations Bos, tBerifm, Been mportedrnfourcBapters 
as per tBe following sdieme: 

CBapterlll ^EofperimentalA efyes oBtainalfromJl series qfy- 
B§to acids) 

CBapterlV <Ej(perimentaC® fork^ oBtainedfnm <B series of y- 
^etoacids) 

CBapterV ^ExperimeirtcdC for dyes oBtamedJrom C series of ylgto 
adds) 

CBapterVi <Ejq^erimental^ for dyes oBtained from ^ series of p- 
an^l propionic acids) 




C hapter III 

!>U \ l.h ! Ri)M 2-t2'4 PISItiin i Ht S/thI } iU-\yA)li U U): 



1 . / Pre/Hirdtion a f2-( 2' 4\limethYl henzay!) henittiv tivu! 

The acid was prepared by carrying out Friedel-Craft reaction between m 
Xylene (diy AR 100ml.) and {i^thalic anhydride (19.5g, 0.1 mole) with anhydrous 
aluminium chloride (27g, 0.2mole) used as catalyst. The reaction was carried out 
in one litre three necked flask fitted widi a mechanical stirrer and a condenser 
connected with a gas absoiption trap. The reaction was carried out below 35 
degree centigrade by adding anhydrous aluminium chloride in instalments. When 
the vigorous reaction subsided, the mixture was heated on a boiling water bath 
until the evaporation of hydrogen chloride ceased. 

The heavy dark coloured complex was decomposed by adding 30 ml of 
concentrated hydrochloric acid (in 250 ml ice cold water). The excess of m- 
Xylene was removed by distillation. The residue was extracted three four times 
with boili^ 10% solution of NaaCOs and filtered. The acid was pr^ipitated from 
the filt^^ by the gradual addifion of concentrated hydrochloric acid. It was 
filtered off, washed well with cold water, dried and crystallized fi’om acetone. 
The white ciygtallme acid has m.p. 157-159® C, yield I5g. It is soluble in ether, 
acetone and metiianol. 

Anal. For : C 16 H 14 O 3 (molecular weight 254) 

Calc. ;C, 75.59; H, 5.51; 

Found ;C, 75.51; H, 5.48; 

A. 1. 1 Prenration of acetyl derivative: 

The acid (1.2 g) and fiised sodhim acetate (3.5g) were refluxed with 20ml 
of freshly distilled acetic anhydride at 120-130®C for four hours. The hot contents 
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were poured into a beaker confeiiiiing icc ccdd w^ar with ccr^tant rtiiring. Tte 
acetyl derivative settled down in the form of brown cotcnned soM nim. The 
coloured acid derivative was decolourized by tr^Ament with animal charcoal. It 
was crystallized from acetone in the form of ai^rplKHis solid; m.p 88-90®C .It is 
soluble in acetone, chloroform and acctk acid, yield 0.75g. 

Anal. For ; Ci8Hi604 orCjeHoOs ((XT.CHi) (molecular wt. 2%) 

Calc. ; C, 72.97; H, 5.41; acetyl, 14.53; 

Found : C,72.90; H, 5.38 ; acetyl, 14.49 

The dyes prepared frmn the iwid may be represaited by the following structures. 



A. 1.2 (2, 4 dimethyl phenyl) phenol phthal-as-ein 
Rj =R2 =R4 = Rs = H, Rs = OH 


'in 




A. 1 .3 (2, 4 dimctiiyl phenyl) resorcinol phthal-as-ein 

R2=R4 = R5 = H, R, = R3 = 0H 

A. 1 .4 (2, 4 dimethyl phenyl) catechol phthal-as-ein 
R3 = R4 = Rs = H, R, = R2 = OH 

A. 1.5 (2, 4 dimethyl phenyl) hydroquinone phthal-as-ein 
R2 = R3 = R5 = H, Rj = R4 = OH 

A. 1.6 (2, 4 dimethyl phenyl) pyrogallol phdial-as-ein 
R4 = Rs = H, R, = R2 = R3 = OH 

A. 1 .7 (2, 4 dimethyl phenyl) phlOToglucinol phthal-as-ein 
R2 = R 4 = H, R,= R 3 = R5 = 0H 

A. 1 .8 (2, 4 dimethyl phenyl) diacetyl resorcinol phtiial-as-cin 
R2 = R 4 = R5 = H, R,= R 3 = 0 C 0 CH 3 

A. 1.9 (2, 4 dimethyl phenyl) dibromo resorcinol phthal-as-ein 
Rs = H, Ri = R3 = OH; R2 = R4 = Br 

A.L2 Preparation of (2,4 dimethyl Dhimvh-phetwl-uhthal-m-ein: 

The acid (1.5g) and phenol (I.Og) were condensed in an oil bath in 
presence of 4-5 drops of concentrated sulphuric acid at 160-170® C for about 
four and a half hours till the molten mass of the tube became brittle on cooling. 
The condensed mass was tak^ out from tile coloioned tube and subjected to steam 
distillation to remove excess of phenol. The buff coloured solid mass left in the 
flask was powdered and extracted with 2% NaOH solution. It was filtered and the 
dye was precipitated from filtrate by the gradual addition of hytfrochloric acid 
with constant stirring. It was ptarifiied by repeated crystallization from rectified 
spirit and dried in a vacuum desiccator, yield, 1 .Ig. 

The purity of the dye was tested by |»per chromatography by descending 
technique. 


Paper 

Mobile phase 


Whatman No 1 


Butanol saturated with ammonia 
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Developing agent 
Reference dye 


1% aqu€»m caustic ^>da 
Phenolphthalein 


A-25cm X lO-cm strip was taken and a very dihite solution of the dye was 
spotted on the paper (on a base line 4.0 cm from di© end) with micro syringe. 
Similarly, a dilute aqueous solution of die reference dye was also spotted on the 
base line about 3.0 cm from the first spcrt. TIm: mobile {diase was allowed to run 
for thirteen hours. The paper was that taken mit, dried and spray^. 
Chromato^am of each dye gave only one corresponding spot. This confirmed the 
homogeneity and purity of the dye. 

Found : Rf (phenolphdialein): 0.93 

: Rf [(2,4 dimediyl phenyl) phenol phtfial-as“ein]:0.94 
Reported ; Rf (iAenolphthalein):0.92 

The brown coloured micro-crystalline dye, m.p 178-180®C gives light 
yellow colour in ethanol which tisms into pink on adding a drop of an alkali. It is 
soluble in benzene, acetone and ethanol. 

Anal. For : C 22 Hig() 3 , (molecular wei^t 330) 

Calc. :C,80.0,H,5.45; 

Found :C, 79.92, H, 542. 

A 1.3 PREPARA TION OF (2. 4 DIMETHYJJ - PHENYL RESORi lSOI - 
PATHAL-AS-ElNt 

It was preparwi by condensing an intonate mixture of the acid ( 5.0 g) and 
resorcinol (3.0g) in the oil bath in presence 4-5 drops of concentrated sulphuric 
acid at 145-1 50°C for about four and half hours till the molten mass became hard 
and brittle on cooling. The ccHic^ised mass was crushed and washed with an 
excess of water to remove excess of resorcinol. It was extracted with 2% aqueous 
solutio^f caustic soda and filtered. The dye was precipitated from reddish 
brown green fliMM^sceait adding slowly dilute hydrochloric acid with 
constant stirring. The dye was purifbd crystalliz^fni from rectified spirit, 
dried in an oven at 100®C and then in a viteoum desiccators, yield 5.4g. 

The orange yellow microcrystalline dye having m.p. 156-158®Cis, soluble 
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in ^nzene, ethanol, wd acetic acid. Its e^banolic solidioo is yellow 

which alters to brownish yellow with green fliK)rescetice cm wfah n g a chop of an 
alkali. In strong basic medium, rc^klish brown ^knir is obtained. 

■ C22 H18O4 (molecular weight 346 ) 

:C, 76.30; H, 5.20; 

: C, 76.19; H, 5.18; 

^1/' (2,4 dimethyt r>hen\il-cu^hol-p h thal- as -cin . 

The ^e was prefwed by heating a homc^mecHis mktnre of the acid 
(1.2g) and catechol (l.5g) in an oil bath 120-130®C in presence of 4-5 drops of 
concentrated sulphuric acid for about four hours. The isolation and purification of 
the dye were done as in the case of (2, 4 dtmediyl phenyl) resorcinol phthal-as- 
ein. Yield 1.8g. The dye is black in colour, m.p. above 360®C. Its etiianolic 
solution is slightly brown in colour. It gives drop black colour on addition of 
alkali. It is soluble in acetone, ethanol an acetic acid. 

Anal. For ; C22 H18O4 (molecular weight 346) 

Calc. :C, 76.30; H, 5.20; 

Found :C, 76.22; H, 5.17; 

.1.1.5 Preparation of (2.4 dimethyl phenvti hvdroauinone nhthal-m-ein: 

It was prepared by condensing a homogeneous mixture of the acid (1.5g) 
and hydroquinone (1.5g). The intimate mixture was heated on oil bath at 140- 
150®C in presence of 4-5 drojKi of concentrated sulj^uric acid for about four 
hours till the molten mass became hard and brittle on cooling. The isolation and 
purification of the dye were done as in the case of (2, 4 dimethyl phenyl) 
resorcinol phthal-as-ein, yield 1.6g. 

The black coloured dye having m.p. above 360^C, is soluble in chloroform, 
ethanol and methanol. Its alcoholic solution gives a golden yellow colour that 
turns iuto dark brown on additioB of an alkdi. 

Anal. For ; G22 H18O4 (molecular weight 346) 


Anal. For 

Calc. 

Found 
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Calc. 



Found 


IJl dimethyl phenv h 


Titeultoi phtfuii-m -cm 


The mixture of the acid (I.Og) and pyrogaliol ( 1 .2g) was heated on the oil 
bath in presence of 4-5 drops of concentr^ed sulji^ijric acid at 1 30- 1 50*^C for 
about four hours. The dye was isolated and purified in a manner similar to the 
other dyes, yield 1.2g. 

The black shining crystals having a m.p. above 360®C, is soluble in 
ethanol, methanol and acetic. It dissolves in eth^l yielding wine colowr which 
turns violet on addition of a drq) of an alkali. 

Anal. For ; C22 HigOs (molecular weight 363) 

Calc. :C, 72.93; H, 4.97; 

Found :C, 72.84: R 4.93; 


'omuUtvuml tmthu-as-em 


It was prepared by ccmdensing a homogenous mixture of the acid {1.2g) 
and phloroglucinol (1.5g). The intimate mixture was heated on oil bafii at 190- 
210‘’C for about four hours. The dye was isolated and purified in a manner similar 
to the other dyes, yield l.Og. 

The dark brown dye m.p. > 360®C, gives lemon yellow colour with 
ethanol, which turns into orange on adding a dn^ of an alkali. It is soluble in 
acetone, ethanol, methanol and acetic acid. 


C22H18O5 (molecular weight 362) 


Found 


lenvi) macetvl resorcinol a 


reparation o. 


[ Acetylation of (2,4 dimelhyl phenyl) resorcinol phthal-as-ein] 


406 - 



The %e (2,4 dimc^yl rcsetca^l phthal-M-eiii (l*Og) and ii^ 

sodium acetate (3.0g) with 15.0 ml of fh^hly diMilled anhydrkle were 

taken in a 50 ml round bottom flask fitt^ witfi an air condenser. The ccmtcnts 
were refluxed at I25-135°C fw about four hours. The hM contains pmircd sbwly 
into a beaker containing a slu^ of ice and water with ccmstmit birring. It was left 
overnight whCTeupon dws Ugte yellow solid setded down. It was filtered, 
well and dried. The crude prochtet was trt^ed with animal clurcoal and 
crystdlized from aqueous ethimol aiKl a littte acetic acid. It wie tinted in im ovon 
at 40 C and then ovct pho^hmus pmtoxide undbr reducol prmiue, yield 0.65g. 

^ The ciystalliite c^vMive is hght yelbw cedmnud mid has a ra.p. of 1 10- 
1 12 C. It is soluble in benzeie, ether, chloroform and acetic acid. I 

Anal. For : C26H22O6 or C22H16O4 (OC.CHah (molecular weight 430) ] 

Calc. : C, 72.56; H, 5.12; Acetyl, 20.00; 

Found : C, 72.47; H, 5.08; Acetyl, 19.94; 

mm 

A, L 9 Hvomination of (2,4 dimethyl phenyl} resorcinol phthal-m-ein: : ; 

[(2,4 dimethyl phenyl) dibromo resorcinol phthal-as-ein] 

t 

The dye (2,4-dimefliyl plteiiyl)-fesorciiiol'i)hthal-as-ein (l-Og) was 
dissolved in minimum quantity of gheii^ acetic leid and 15ml of a 10% sohition j| 

of bromine in glacial acetic acid was slowly added in the solution of the dye. The ' 

flask was fitted with an air condemsor and the conte^ were refluxed at 120- 
130 C for about an hour. The contents were cooled and dihded witih minimum : 

quantity of distilled water. A <hrty orange powfe settled down. It was filtered | 

and washed well with water containing acetic acid and finally with hot water for | 

the removal of excess of faromiite. It was dissolved in aqueous caustic soda and | 

filtered. The filtrate gave the bromo derivative of the dye by ^adual addition of ; 

dilute hydrochloric acid. The crude brominated dye was feally purified by 
crystallization from aqueous ethanol and dried at SXfC in and oven and then in a 
vacuum desiccators, yield, 1.3g. 

The dirty oran^ crystalline compound having m.p. 90-9 1®C is soluble in 
benzene, ether, chloroform, acetone and acetic acid. 

Anal. For : C22 Hi6Br204 (molecular weight 504) 

Calc. :Br, 31.75; 
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Found 


enyli r eMfr ciiijt ij {hth it /- us 


Potassium hydroxide pallets (lO.Og) were t^en in a crucible and heated 
with a few drops of water to make a paste. The dye ( l.O) was then added to it. 
The contents were heated few about ftnir hours till die darkened colour of the dye 
faded completely. After cooling, die contents were diluted with 50ml of water 
and filtered. The dark residue (I) setdMl down on just noitralizing the alkali. It 
was filtered and washed well widi water. The filtrate, when iu;idi^d further by 
adding excess of dilute faydrochlofic acid gave white fweetpitate (11), which was 
filtered and washed with water. It was cryirtallized franti aqueous ethanol and 
dried in a vacuum desiccators. The filtritte was shaken widi ether and on 
evaporation of the excess of die solvent, a brownish red residue (III) was 
obtained. 

Resklue-l 

It was identified and coofinrmed to be dte iinrcacted dye from its colour 
reaction and determination of the mixed melting point with the authentic sample. 
Residue-JI 

It was acidic in nature and gave positive tests for the presence of 
carbojQ^lic groups. It was identified as 2-(2’ 4’ dimethyl benzoyl) ^nzoic acid 
and confirmed by mixed melting point determination (m.p.l57-l59 C) and by 
superimposition of the IR spectra of the authentic sample. 

Residue-m . . 

The purified sample melted at 109-U0°C. It gave positive tests with feme 
chloride, FeUing’s solution and ammcmiacal silver nitrate. It gave fluorescein test 
with phthalic anhydride. On die basis of these observirtions, it was confirmed to 
be resorcinol. Acetylation, Iwominatimi and caustic potash treatment of the dye 
are shown in chart A in chapter II. 



llLRJJJil} ! ROM 2- (3' i ARHMt ntf ow 4 ' ll\l>Ki)\\ Hi y/Olfi 


HHMO li Ai ll) 


CHjOOC 


HCMM 


eiHiralutn o 


The acid was prepared by carrying out Fri^cl-Crafts rc^itioii l^twcen 
methyl salicylate (dry AR lOOnd) and phtiialic anhydride (19.5g, O.lmole) with 
anhydrous aluminium chloride (27g, 0.2mole) used as a catalyst. The reaction 
was carried out in a one litre three necked flask fitted with a mechanical stirrer 
and a condenser connected with a gas abscxptkrn trap. The reaction w^ carried 
out below 35 degree centigrade by adding anhydrous aluminium chloride in 
instalments. When the vigorous reaction subsided, tl» mixture was heated on a 
boiling water bath until the evapc^ation of hydrograi chkari^ ceased. 

The heavy dark coloured complex was decomposed adding 30 ml of 
concentrated hydrochloric acid (in 250 ml ice cold water). The residue was 
extracted three four times with boiling 10% solution of Naz CO 3 and filtered. The 
acid was precipitated from die gradual addition of concentrated hydrochloric 
acid. It was filtered off, wa^ed well with cold water, dried and crystallized from 
acetone. The white crystalline acid has m.p. 170-172®C, yield 15 g. It is soluble 
in ether, acetone and methanol. 


C 16 H 12 O 6 (molecular wei^t 300) 


Found 


The acid (1.2g) and fiised sodium acetate (3.5g) were refluxed widi 20 ml 
of freshly distilled acetic anhyAicte at 120-130®C for four hours. The hot contents 
were poured into a beaker cmttmning ice cold water with constant stirring. The 
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acetyl derivative settted down in the form of brown i^rikwed solki nMM- The 
coloured acid derivative was (hxolofized nemineitt widi mniimil ctorcotl. It 
was crystallized from acetone in the form of amorphous solid, m p. 112'’C 
(decomposed ). It is soluble in acetone chloroform and acetk acid, yield 0.75 g. 


C 20 H 16 O 6 (0CCH3)2 (molecular wei^t 384 ) 


Found 


The dyes prepared from the a:id imy be represented by the following 


ooaa= 


Phennolic comjxsund 


Acid (Lactol fonn) 


COOCH: 


Dye molecule 

A.2.2 (3 carbmedioxy 4-hydroxy phenyl) phenol phthal-as-ein 

Ri=R2=R4 = R6 =H,R3 = 0H 
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A.2.3 ( 3 caibmethoxy 4 hydroxyl phoiyl) resorcinol phthal-as^in. 

R2 — R4 ~ R-s ~ H, Ri®=Rj “ OH 

A.2.4 (3 carbmethoxy 4 hydroxy phenyl) catechol phthal-as^m 
R 3 = R4 = Rs = H, R,=R 2 = OH 

A.2.5 (3 carbmethoxy 4 hydroxy (dienyl) hydroquincme phthal-as-ein. 

R2 = R3 = R5 = H, R,=R 4 = OH 

A.2.6 (3 carbmethoxy 4 hydroxy phenyl) pyrogallol phthal -as-«in 
R4 — R5 = H, Rj = R2 = R3 = OH 

A.2.7 (3 carbmethoxy 4 hydroxy phenyl) phloroglucinol phthal-as-ein 
R2 “ R4 ~ H, Rj = Rj = Rj = OH 

A.2.8 (4 acetoxy 3 carlrnKsthoxy frfienyl) dmcetyl resorcinol jAthal-as-cin 
R2 = R4= R5=H,R,=R3 = 0C0CH3 


A.2.9 (3 bromo 5 carbmeflioxy 4 hydroxy j^enyl) dibrcxno resorcinol phthal-as- 
ein 

R 5 = H, Ri= R 3 =OH,R 2 = R 4 = Br 

.4,2.2 Premiratum of (3- carbim^oxv 4- hydroxy phenYlhphenol-nhthai-as~ 
ein: 

The acid (1.5g) and phenol (l.Og) were condensed in an oil bath in 
presence of 4-5 drojMS of conceitfrated su4)huric acid at 160-170°C for about four 
and a half hours till the moltoi mass of the tube became brittle on cooUng. The 
condensed mass was taken out from the coloured tube and subject^ steam 
distillation to remove excess of phenol. The buff coloured solid mass left in the 
flask was powdered and extracted witih 2% NaOH solution. It was filtered and ftie 
dye was precipitated firom filtnde by die gradual i^kUtion of hydrochloric acid 
with constant stirring. It was purified by reputed oystallization from rectified 
spirit and dried in a vacuum desiccator^, yield, 1 . Ig. 

The purity of die dye was tested by paper chromatography. 


Paper Whatman No 1 

Mobile phase Butanol saturate with ammonia 
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Developing agent 1% aqueous caustic soda 

Reference dye Phenolphthlein 

A 25-cni X 10-cm strip was takon and a vary dilute solution of the dye was 
Spotted OB the paper (on a base line 4,0 cm from tlw md) with i micro syringe. 
Simitely, a dilute aqueous solutkai of the reference <j^e was also spotted on the 
base line about 3.0 cm frcnn the first sptrt. The mobite phase was allowed to run 
for thirteen hours. The paper was tfien taken out, (hied and sprayed. 
Chromatogram of each dye gave only <Mie ccHrresponding spot. This confirmed the 
homogeneity and purity of the (fye. 

Found ; R f (phenolphthalein) : 0.93 

: R f [S-carbmrthoxy 4 hydroxy phenyl) phcaiol |rfithal-as-cin]: 0.94 

Reported : Rf (phenolphthalein): 0.92 

The orange coloured mica'o-cTy^line dye, m.p. 126-127®C gives light 
brownish red colour in edianol which turns into pink on adding a drop of an 
alkali. It is soluble in benzene, acetone arud ethanol. 

Anal, for : C 22 H 16 O 6 (molecular weight 376) 

Calc. ;C, 70.22; H,4.25; 

Found : C, 70.10; H, 4.21; 

A.2.3 Preparation of (3- carbmethoxv hydroxy uhenyD-resifnimfl-phthal-us- 

ein: 


It was prepared by condensing an intimate mixture of the acid (3.0g) and 
resorcinol (2.0g) in the oil bath in presence of 4-5 drops of concentrated sulphuric 
acid at 145-150®C for about four and half hcnirs till the moltra mass became hard 
and brittle on cooling. The condensed mass was cru^ed and washed with an 
excess of water to remove excess of resorcinol. It was extracted with 2% aqueous 
solution of caustic soda and filtered. The was precipitated firom reddish 
brown with green fhiorescart filtrate by adding slowly dilute hydrochloric acid 
with constant stirring. The dye was pmified by crystallization from rectified 
spirit, dried in an oven at 100®C and thai in a vacuum desiccator, yield 2.5 g. 




The microciystalline dye havnig m.p. lg3.|85«C. is sohibte in benzene, 
ethmm, methanol and chtorofcniii. Its ethanolic sokttkm is iptdan which ahcfs to 
reddish yellow with grmi fluorescciKc on adding a dn^ of an alkali. In strong 
basic medium, reddish brown with greoi fluorescence coknir is obtained. 


Anal, for 


Found 

PraU: 


C 22 Hi 60 r (molecular weight 392) 

C, 67.35; H,4.08; 

C, 67.24; H,4.05; 

(J. ^arhmethoxy 4 hydroxyl p henrlhi tHe t hol-phihol-ti.s ■ 


The dye was prepared by heatmg homogenous mixture of the acid ( l.2g) 
and catechol (1.5g) in an oil batib at 120-130®C in presence of 4-5 drops of 
concentrated sulphuric acid for about four hours. The isolation and purification of 
the dye were done as in the case of (3 - carbmetlioxy 4 - hydroxyl phenyl) 
resorcinol phthal-as-ein. Yield 1 . 8 g. 

The dye is black in colour daiomposes above 3(K)°C its ethanolic solution 
is slightly brown in colour. It gives brown colour on addititm of alkali. It is 
soluble in methanol edianol and acetic acid. 


Anal, for 


C 22 H 16 O 7 (molecular weight 392) 


Calc. 


C, 67.35; H,4.08; 


Found 


C, 67.20; H,4.02; 


It was prepared by condensing a homogeneous mixture of the acid (1.5g) 
and hydroquinone (1.5g). The intimate mixhne was healed on oil bath at 140- 
150®C in presence of 4*5 drops of conc^railrated sulphuric acid for about four 
hours till ^e molten mass became hard and Ixittie on cooling. The isolation and 
purification of the dye w&te <kme as in the case of (3 - caihmetiboxy 4 - hydroxyl 
phenyl) resorcinol phthal-as-ein. Yield 1.6 g. 

The black coloured (fye having in.p. diove ^0®C, is soluble in chloroform. 
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ethanol and methanol. Its ateoholk solution gives a criimcxi colour thirt turns into 
dark brown on addition of an alkali. 


C22Hi 607 (molmiiar weight 392) 


Found 


The mixture of the acid (l.Og) and pyrogdlol (I.2g) was heated 
bath in presence of 4-5 drops of a>ncentTated sulf^uric acid at 130-150 C for 
about four hours. The dye was isolated and in a mannCT similar to the 

other dyes, yield 1.2g. 

The black shining crystals toving a m.p. above 360®C, is soluble in 
ethanol, methanol and acetic acid. It ^ssolvcs in cthaiujl yielding wine red colour 


C 22 H 16 O 8 (molecular weight 408) 


Found C, 64.00; 

4.2 7 Prenamtion of (3-carhmethoxY 4-h^d iWJltiiiX^^ 

was prepared by condraising a homo^m^us mixture of the acid (1 
r^Wornaliicinol fl.Sul The intimate mixture was heated on oil bath at m 



Found 


vparariofi o, 


curhmefho.w phenv !} dttu i*t\ i ri;^ori ijtxi 


*!nlu/I~tis-c>n 


[Acetylation of 3-cart)methoxy 4-hydroxyl {^enyl) resorcinol phthal-as-cin] 

The dye (3-cabniethoxy 4-hydroxyl phenyl) resorcinol phdial-as-ein ( 1 .Og) 
and fused sodium acetate witii 15.0 ml of firesiily distilled »;etic anhydride were 
taken in a 5 ml round bottom flask fitted with an air condenser. The contents 
were refluxed at 125-I35®C for about four hmirs. The hot contents were pomred 
slowly into a beaker containing a slush of ice aiui witter with constant stirring. It 
was left overnight whereupon the li^t yellow solid settled down. It was filtered, 
washed well and dried. The cru(b product was treated with ^mal charcoal and 
crys^lized fi'om aqueous ethanol and a little acetic ackl. It was dried in an oven 
at 40 C and then over phosphorus peotoxide imdbr reduced pressure, yield 0.65g. 

The crystalline acetyl dmvative is li^ yellow colmmed and has a m.p. 
200-202°C. It is soluble in beD 2 eiM», edier, cfedcaofimn aiMi is:etiG acid. 


C28H220,o arC 22 H, 30 ; (0CCH3)3 (moi. wt. 518) 


Found 


9 hrommutitm of ( 3 - 


iirbmethoxv 4- hvdroxv J ihenvl^ resorcinol nhtfuil-as 


[(3-bromo 5-caibmethoxy 4-hydroxyl phenyl) dibromo resorcinol phthal-as-eiri] 


The dye (3-carbmethoxy 4-hydroxyl phenyl)-resorcinol;j)hthal-as-ein 

15 ml of a 


(l.Og) was dissolved in minimum quantity of gl^ial acetic acid 
10% solution of bromine m gla:ial acetic acid was slowly added in the solution 
of the dye. The flask was fitted witii an air cmnlenser and the contents were 
refluxed at 120-130®C fm abovtt an hmir. The contents were cooled and diluted 
with minimum quantity of distilled water. A dirty orange powder settled down. It 
was filtered and washed well with water ctnitaiiiing acetic acid and finally with 
hot water for the removal of excess of bromine. It was dissolved in awiueous 
caustic soda and filtered. The filtnate gave bromo derivative of the dye on gradual 
addition of dilute hydrochloric ikjmI. The crude brominated dye was finally 
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purified by ciystalliaation from aqi^mis etbanol and dricsd at in oven and 
then m a vacuum desiccator, yield 1 .2g. 





The pale orange ciystalline dye having m.p. 256-257®C is soluble in 
benzene, ether, chloroform, acetone and acetic acid. 

Anal, for C22Hi3Br3 O7 (molecular weight 629) 

Calc. Br,38.16; 

Found Br, 38.04; 


■ 1.2. / fix itiistk fwtash treatment of (3- carhmethoxv 4- hvd rtnx phe nyl) 
nmmhinl ifhtfml-as-ein: 

Potassium hydroxide pellets (lO.Og) were taken in a crucible and heated 
with a few drops of water to nmke a paste. The dye (1.0) was then added to it. 
The contents were heated for about four hours till the darkened colour of the dye 
faded completely. After cooling, the contents were diluted with 50 ml of water 
and filtered. The dark residue (I) settle down on just neutralizing the alkali. It 
was filtered and washed well with water. The filtrate, when acidified further by 
adding excess of dilute hydrochloiic acid gave white precipitate (II), which was 
filtered and washed with water. It was crystallized from aqueous ethanol and 
dried in a vacuum desiccator. The filtrate was ^lakea witii ether and on 
evaporation of die excess of the solvent, a brownish red residue (III) was 
obtained. 

Residue-l 

It was identified and confirmed to be the unreacted dye from its colour 
reactions and determination of the mixed melting point with the authentic sample. 


Residue-11 

It was acidic in nature and gave positive tests for the presence of 
carboxylic and phenolic groups. It was identified as 2-(3’ carbmethoxy 4 
hydroxy benzoyl) benzoic jujid and confirmed by mixed melting point 
determination (m.p. 170-172®C) and by sttperimposition of the IR spectra of the 
audientic sample. 
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The purified sample melted at 109-1 10®C. It gave positive tests with ferric 
chloride, Fehling’s solution and amnuHiiacal silver nitr^e. It gave fluorescein test 
with phthalic anhydride. On the basis of these observations, it was confirmed to 
be resorcinol. Acetylation, brominaticm and caustic potash treatment of the dye 
are shown in chart C in ch^er 11. 



ikmter HI 


chi pr o 


UiMlMMMiJJJX t f'l ^ /i J. J 


liEMOl i Jt//> 


OOH 


{5 - chloro 2 - chloromcthvl hen/t)\ 1) })cii/o!c acid 


AJPMMPATION OF 2- fS' CHLORO 2' i lil.OROSt! I li\ I Hi S/OM ) 


PEMOfC AC/J). 


The acid was prepared by canying out the Friedel Craft’s reaction 
between lOOml of AR diy 4- chloro ben 2 yl chloride and I5.0g (about 0. 1 mole) 
of phthahc anhydride in presence of 27.0g of anhydrous aluminum chloride 
(about 0.2 mole) as catalyst in a similar manner as 2“(2’ 4’ dimethyl benzoyl) 
benzoic acid. The acid was crystallized fiom hot water in the form of a white 
crystalline solid with m.p. 188-190^ C. The acid was found to be soluble in 
methanol and sparingly soluble in acetone. The yield was fouml to be 14 .Og. 


CisHioCbOa (mol. Wt. 309) 


Found 


A.3. 1 PREPARATION OF ACETYL DERfVATIVt: Of THE ACIll 


It was prq>ared by taking 1 .Og of the acid and 3.0g of fused sodium acetate 
and refluxing them widi ISml of freaMy distilled »^tic anhydride at 120-130^ C 
in a similar manner as in the case of acetyl derivative of 2-(2’ 4’ dimethyl 
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benzoyl) benzoic acid. The acetyl derivable settled in ih€ fbcm of a 

coloured solid mass. The colouied acetyl derivative was disaolvcwl in ^tonc Mid 
treated with charcoal and ftlterni while hot. It was lecrys^lised frcan acctoi^ in 
the form of a li^t brovra solid, m.p. I26-128®C. It is soluble in acetcMW, 
chloroform, ethanol and acetic acid. Yield 0.68g. 

Anal for : C17H12CI2O4 (mol. vrt. 351) 

Calc. ;C, 58.12; H, 3.42; Cl, 20.23; MXtyl. 12.25; 

Found ;C, 58.00; H,3.38; Cl, 20.10; acetyl 12.15; 

The dyes prepared finraon the acid may be icptesented by die following 
structures; 
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DYES; 


A.3.2 (5- cMoro-2- chloromeihyl phenyl) phenol f^thal-as-ein: 
R,=R2 = R4 = R5 = H,R3=0H 

A.3.3 (5- chloro-2- chloromeihyl phenyl) resorcinol phthal-as-ein 
Ra = Rj = Rs= H, R, = Rj = OH 

A.3.4 (5- chloro-2- chloromefliyl phaq^I) cat^hol phthal-as-ein; 

R3 = R4 = R5= H, R2 =, R3 = OH 


A.3.5 (5- chloro-2- chloromeihyl phenyl) hydroquincMK phthal-as-ein 
R2 = R3 = R5=H, Ri= R4 = 0H 

A.3.6 (5- chloro-2- chlOTom^yi {ihenyl) pyrogallol irfithaJ-as-ein: 

R4 = R5 = H,R,= R2= R3 = 0H 


A.3.7 (5- chloro-2- chloromeihyl f^enyl) phi<»roglucmol phthal-as-ein 


A.3.8 (5- chloro-2- chloromeihyl phraiyl) diacetyl phtlml-as-ein 
R2 = R4 = R5 = H, R,= R3=0C0CH3 


A.3.9 (5- chloro-2- chloromeihyl phenyl) dibromo phihal-as-ein 
Rs = H, Ri = R3 =OH, R2 = R4 = Br 


A. 3.2 FREPAMATIONOFfS- CHLORO 2- CHLOROMETHYi PlfESYU 


PHENOL PHTHAL-AS-EIN 


A homogenized intimate mixtiue of 1.5g of the »;id mid l.Og of phenol 
was condensed in an oil bath in presem^ of 3-4 drqps of ccmcentrated sulphuric 
acid at 165-175^^ C for about four hours when a brittle mass was obtained on 
cooling. Steam distillation was employed to rranove excess of phenol present in 
the reaction mixture. The buff colour^ solid mass left in ll» fl^k was extracted 
with a 2% solution of sodium hydroxide. It was filtered and tiie dye was 
precipitated from the cokMEred ractract by the gradual addition of dilute 
hydrochloric acid with constant stirring It was purified by repeated crystllisation 
from rectified spirit and dried in vacuum desiccator, yield l.5g m.p. 118-119 C. 



The daik brown coloined d^c is soluble in dAiuiol and rectified spirit. The 
ethanolic solution of the dye is almost roldtsh creun in coknir which turns mto 
pink on adding a drop of an alkali. In strong basic iii«ditnn, it gives pink colour. 


CziMhCIsOs (mol. Wt. 385) 


Found 


! ? ? PRllP. iRA TION OF / 5 - ( II LORO- 2- CIliOROmiliA L^^ 

1 f Si) RC I \ 01 PH THA l-AS-EIN: 

of 3.0g of the acid and 2.0g 


The dye was prepared by heating a mixture of 3.0g or uie acio ana 
resorcinol in a*»oil bath at 135-145° C for four hours in presence of a few chops 
of concentrated suljdiuric acid. TTie condensed brittle solid mass teft in tt^imsk 
extracted with a 2% solution of sodium hydroxide. It was filteied and me dye 
precipitated from the reeWirfi brown with green flimrpcient extract ^ ® 
gradual addition of dilute hydrochloric acid wifo constant stirring. It was puntied 
^crystallisation from reOified s|Hrit and dried at 100 C and then in 
desiccator, yield 5. 4g. 

nature having ra.p. 268-269° C. It yield a 
ethanol which turns to reddish yellow 
alkali. 


was 

was precipitated from the rccklirfi Ixown with green 

_ ' li ■ 

by repeated 
vacuum 

The dye is red, crystaUine in 
golden yellow colour with fluorescence m 
with green fluorescence on adding a drop of an 

Anal for • C21H14CI2O4 (mol. wt. 401) 

Calc. ;C, 62.84; H, 3.49; Cl, 17.71 


Found :C,62.bZ; ^ 1 , i/.w, 

4 14 preparation OF (5- 
CATECHOL PHTHAIMSi EMl 

It was orepared by die condensation of l.Og of the acid and requKite 
atnountofeat^i^onano^P-t-ofS^^a.^-^ 

S^thed i^washed^^ an excess dye 

nurified as done for foe corre^ioiidmg phenol dye, yield 0. g. 
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C21H14CI2O4 (mol. wt. 401) 
C, 62.84; H, 3.49; Cl, 17.71 
C,62.68; H, 3.44; CL 17.6 


Found 


■UA IEM IA MM ION OF(S~ CHlAtRtK 2- i fit H RQMI. TH \ I PHt % 1 / i 
HYi}MOmm)Nli PHTHAL-AS^ms 


l.Og of die acid mid l.Og of hydbroquinone was grcHiiMl into an intimate 
mixture and was treated in an oil baA at 160-175® C for four hours in presence of 
four five drops of concentrated suljAuric acid. The isolation and (Hirification of 
the dye was carried out in a nuomea' similar to Ac one s^ofMed for (5-chloro -2- 
chloromethyl phenyl) resorcinol phAal-as-em cbsoribed earlier, yield 0.85g. 

The black coloured powdery dye, rkcomposmg above 360® C is soluble 
eAanol, meAanol, chloroform and acetic acid. Its ethanolic solution is brown in 
colour Aat turns blackish brown on Ae arMition of a Aop of an alkali. 


C21H14CI2O4 (mol. wt. 401) 


Found 


2- CHLOROMtTHYL PHEML) 


PYROGALIOL PHTHAL-AS-EIN 


The mtimate and homogeneous mixture of l.Og of Ae acid and l.Og of 
pyrogallol were mixed to make a homogeneous mass aiul Ae condensed togeAer 
m presence of a few Aops of coiu^trated sulphtark acid on an oil baA m 135- 
145® C for about four hours till Ae mek became hard and brittle. The procedure 
adopted for isolation and jwirificatirMi of Ae dye was similar to Ae one adopted 
for (5-chloro-2-chloromeAyI phenyl) resorcmol phAal-as-ein, yield 0.8g. 


C21H14CI2O3 (moL wt. 417) 


422 - 


Found 


:C, 60.30; H,3.32; 0,17.00; 

I ’ iinpui wij 

PJJJ OROGU aSOI PN THAI -ASaTs 

The homogenous mixture of l.Og of acid , l.Og phluroglucinol were mixed 
intimately to make a homo^mous mixture and along with a few drops of 
concentrated sulphuric acid as coa<knsing a^t was heated on an oil bath at 2 CK)- 
220 C for about four hours. The isolation and imrihcation of the dye was 
performed in the same as th^ described for ( 5 -diloro- 2 -chloronicthylphcnyl) 
resorcinol phthal-es-ein, yieW O.SOg. 

The reddish brown dye m.p. 180® C (decoai^.) yiekb a golden yellow 
coloured solution in edianol turns dark red mi adding a diop of m alkah. 

Anal. For ; C 12 H 14 C 12 O 5 (mol. wt. 417) 

Calc : C, 60.43; H, 3.36; Cl, 17.03; 

Found : C, 60.28 ; H , 3.30 ; Cl, 17.00; 

AJ.SACETYLA TION OF (S-aiU)R()-2A lilOR(mErU\i.Pllt:>iYl i 

RESORCINOLS PH THAL-ASAIN: 

[(5~CHLORO~2~CIILOROMETHYLPlIENYI.} DIACETYI RESORCINOL 

PHTHAIMS-EIN / 

LOg of the dye, 3.0g fused sodium acetate and 15 ml of freshly distilled 
acetic anhydride were taken in a 50 ml round bottom flask fitted widi an air 
condenser. The contente were refluxed at 130-140® C for about four hours. The 
hot contents were poured slowly into a b^ker ctmtaining a slush of ice and water 
with constant stirring. It was left overnight whereupon a light yellow solid settled 
down. It w^ filtered, washed well and dried. The crude product was treated with 
atiimal charcoal and finally crystallized fiom aqueous efriaiml in presence of a 
drop of acetic acid. It was dried m an oven at 70® C and thmi phosphorous 
pentaoxide under reduced pressure. Yield 0.75g. 

The pale yellow colour^ dtacefyl darivafive (m.p. 184-186®C) is soluble in 
ethanol, medianol, chloroform and acctK acid. 

AnalFor ;C25Hi8Cl206orC2iHi2<k04(OC.CH3)2 (mol. wt .485) 
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Calc : C, 61.86; H, 3.71 ; Cl, 14.64; acetyl, 17.73; 

Found ; C, 6 1.60; H, 3.67; Cl, 14.60; acetyl, 17.67; 



1 J- V no\ Ot (S^LHLOR(h2-i 

luSORL ISOl PU Tit i / 


Din ROMO RESORi I SOI Pll I ILU : \S-iJ % 


ein was dissolved in minimum quantity of ^ficial acetic i«:id. lO/o solution oi 
bromine in glacial acetic acid was slowly and gradually added in the solution of 
the dye. The flask was fitted with an air condteser and die contents were refluxed 
at C for about an hour. The contents were cooled and diluted with 

minimum quantity of distilled watar. A dark orange substance settled down, t 
was filtered and washed with water containing acetfc and finally with hot 
water for the removal of excess of bromine. It was d«^lvcd in a dilute aqu^us 
solution of caustic soda and filtefed. The fihr^e gave the bromo derivative of the 
dye on gradual addition of dilute hydrochloric acid. The crude bromo ^ivayive 
of the dye was finally purified with aqt^ous ethanol fflad drksd at 1 10 C m an 
oven and then in vacuum desiccatm, yield 0.92g. 

The dark orange ciystalline and dye having m.p. 294-296° C is soluble in 
methanol. Ethanol aM acetoaie. 


Anal, for ; C 2 iHi 2 Br 2 Cl 204 


Found Br, 28.50; 

4 ? 10 r POTASH TREAntM L.^^ 

('HI.OROMETHYLPHENYU RESORC I NOl P]nMM:zA^iM^ 

lO.Og of potassium hydroxicte pellets were placed in a and hea 

in a sand bath with a few drops of water to turn them mto a ^ 

was then added to the crucible and contents were heated for ateut toe an 

half hours till the colour of the #e Med compietely.^er 

were diluted with 50 nd of water and filteM A dark orange residue (1) set 
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down on just neutralizing tlw alkali. It was loitered and washed with wtucr. I’ll® 
filtrate when acidiffed fiirdwr hy adding dilute hydrochloric acid gave a while 
precipitate (11) that was filtered and washed with water. It was recry^Ui^ from 
aqueous ethanol and dried m a vacuum desicc^or. Tlte filtr«e wm rfiaken with 
ether and on evaporation of die excess of die solvent, a dark ormige residue (111) 
was obtained. 

ifhmtiik’dtion of residue I : 

It was identified and confirmed as the unrwicted residual dye from the 
colour reactions of die dye itself aiui ntelting point determination with t e 
original sample of dye. 

hhoitiflcotuoi of residue //: 

It was reciystallised from acetone (mp. 188-190® C). It gave positive tests 
for carboxyl group and was identified and confirmed as 2-(5 -chloro- 
2 ’chloromethylbenzoyl) benzoic iteid by mixed ntelting point cktermination an 
superimposition of IR spectra with that of the authentic sample. 

ithmUfication of residue I 111 

The purified residue mehed at 109-111^ C. It gave blue vWtt 
ferric chloride. It reduced Fehling's solution, Tolto’s reagent 
with phthalic anhydride. On (he basis of Aese obMrvahons, it 
be resorcinol. It was fiitlhw ctmfinned hy mixed melting pomt determina 

witii the authentic sample of resorcinol. r- xk* /tx/p. are 

Acetylation, bromination and caustic potash treatmen o y 

depicted in chart E (chapter II). 



Chanter III 


l ROM (il Ul MPltrfKPili HI \/<fH j ( JJi 



.1. / Preparation of 2-(i'~ ucenaphthovl) benzoic acid: 

The acid was prepared by carrying out Friectel-Crafts reaction between 
acenaphthene (15.5g) and i^thajic anhydriik (19.5g, O.lmole) with anhydrous 
aluminium chloride (27g, 0.2mole) used as a catalyst, nitrobenzene h^ been used 
as solvent. The reaction was carried out in a oi» liter three necked flask fitted 
with a mechanical stirrer and a crmdenso' connected with a gas absor|rtion trap. 
The reaction was carried out below 35 degrw centigrade by adding anhydrous 
aluminium chloride in instalments. When tiwe vigorous reaction subsided, the 
mixture was heated on a boiling water bath uirtil the evaporation of hydrogen 
chloride ceased. The mass was sid)j^ted to steam distillation to distill off the 
excess of nitrobenzene. 

The heavy dark coloured cmnptex was decomposed by adding 30 ml of 
concentrated hydrochloric acid (in 250 mi ice cold water). The residue was 
extracted three four times with boiling 10% solution of NaiCOs and filtered. The 
acid was precipitated frmn the filtrate by the gradual additicm of concentrate 
hydrochloric acid. It was filtered off, washe well witih cold water, dried and 
crystallized firom acetone. The white (aystalline acid has m.p. 199-20 1®C, yield 
15g. It is soluble in ether, ethanol, chlorafiam spmingly soluble in benzene and 
insoluble in CS 2 . 

Analfor. ;C 2 oHi 403 (mol. wt. 302) 

Calc. : G, 79.47; H, 4.63; 

Found :C, 79.28; H,4.55; 
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.1>I. i ucem d ei 


Anal-for iCaoHisCbCCOCHs) (mol. wt. 344) 

Calc. ; C, 76.74; H, 4.65; acetyl, 12.5; 

Found : C, 76.60; H, 4.59; acetyl, 12.42; 

The dye prepared from Ae acid may be represented by the following 
structures. 


Phennolic compound 


Acid (Lactol form) 


Dye molecule 


% 

A 4.2 (3-aceEaphyl )phenol plitiiai-as-ctn 

Ri = R2 = R4 = R5 = H, R3 = OH 


A 4.3 


A 4.4 


A 4.5 


A 4.8 


A 4.9 


lip 

(3-acenaphyl) resorcinol phthai>as-«in 
R2 ~ R4 ~ R5 ~ H, Rj = Rj = OH 

"T 

(S-acenaphyl) catechol phthal-as-ein 
R3 = R, = Rs = H, R, = R2 = OH 

(3-acenaph^) hydroquinone phthai-as~ein 
R2 = R3 = Rs = H, Rj == R4 = OH 

(3-acenaph^) pyrogallol lAthal-as-ein 
R4 R5 H, Ri = Rj = Rj = OH 

-ft 

(3-acenaphyl) phloroglucinol phthal-as-ein 
R2 = R4 = H,R,=R3= R5=0H 

(3-acenaphpi) diacetyl resorcinol phthal-as-ein 
R2=R4 = R5 = H,Ri = R3=0C0CH3 

(3-acenap]^l) dibromo resorcinol phthal-as-ein 
R5 = H, R, = R3 = oh, R2 = R4 = Br 


■4,42 Premiratum of (3- acenuihhvH - phenol-phthui-as-ein: 

The acid (1.5g) and phenol (l.Og) were condensed in an oil bath in 
presence of 4-5 drops of coiKentratcd sulphuric acid at 180-190®C for about four 
and a half hours till the molten mass of die tube became brittle on cooling. The 
condensed mass was taken out firom ttie coloured tube and subjected to steam 
distillation to remove excess of {^lenol. The buff coloured solid mass left in the 
flask was powdered and mrtracted with 2% NaOH solution. It was filtered and the 
dye was precipitated from filtrate by the grachial a^ition of hydrochlcaic acid 
with constant stirring. It was pprifi^ by crystallization fi’om rectified 

spnit and dried in a vacuum desiccator, yield 1 .3g. 

The purity of the dye was tested by papCT chromatography. 


Paper 

Mobil phase 


Whatman No 1 

Butanol saturated with ammonia 
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Developing agent 
Reference dye 


1% iu)iM£(His caustic soda. 
Phenolphthalcin 


A 25- cm X 10- cm was taken and a very dilute soluticm of the dye was 
spotted on the paper (on a base line 4,0 cm firom the end) with a micro syringe. 
Similmly, a dilute aqueous solutkxi of the reference dye was also spotted on the 
base line about 3.0 cm firom the first spot. The mobile phase was allowed to nm 
for thirteen hours. The paper was then taken out, drwsd and sprayed. 
Chromatogram of each dye gave only one conespemding spot. This confirmed the 
homogeneity and purity of the ^e. 

Found: R f (phenolphthalein): 0.93 

R f [(3-aceaiaiMiyl phenyl) phenol plithal-as-em] : 0.94 

Reported: Rf (phenolphthalein): 0.92 

The grey coloured micro-ciy^aUnie dye, ntp. 110-H2“C gives light 
yellow colour in efiianol which turns mto pink on adding a drop of an alkali. It is 
soluble in benzene, acetone and ethanol. 

Anal.for :C26Hi803 (mol. wt. 378) 

Calc. :C, 82.53; H,4.76; 

Found ;C, 82.36; H4.73; 


A. 43 Preparation of (3- acemmh1hvll-resorcinol-phthul-us~em: 

It was prepared by condmising an intimme mixture of the acid (3.0g) and 
resorcinol (3.0g) in the oil bafli in presence of 4-5 dro{» of concentrated sulphuric 
acid at 150-160®C for about foinr and half hours till the molten mass became hard 
and brittle on cooling. The condensed mass was crushed and washed with 
excess of water to remove excess of resorciiK)!. It was extracted with 2% aqueous 
solution of caustic soda and filterdl. The dye was precipitated firom reddish 
brown with green fluoresce fiihrate by adding slowly dilute hydrochloric acid 
with constant stirring. The dye was purified by crystallization firom rectified 
spirit, dried in an oven at 90®C and dim in a vacuum desiccator, yield 4.5g. 

The red microciystallme dye having m.p. 309-31 1*^C, is soluble in benzene. 
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ethanol, meftanol and ace^c acid. Its ethamilic solution is yellow which alters to 
yellowish orange with green fliwrcsccnce cm adchng a of ®i idkali. In stremg 
basic medium, yellowish oimge colour with intense ^en fliwresccnce in 
obtained. 

Anal.for ;C26Hi804 (mol. wt. 394) 

Calc. :C, 79.18; H,4.56; 

Found :C, 79.02; H, 4.51; 

A. 4 A Premiration of (3- acetm ^htlivl l vateM-phthu^^ 

The dye was prefmred by hewing a homo^neous mixtore of the acid 
(L2g) and catechol (1.5g) in an oil Imth M 120-130X in presence of 4-5 drops of 
concentrated sulphuric acid for about fmir hcnirs. The isoktioa and imrification of 
the dye were done as in die case of (3- acenaphthyl fdienyl) resorcinol phthal-as- 
ein. Yield 1.6g. Ihe dye is dark brown in coIcmit, m.p. above 3(K)®C. Its ethanolic 
solution is brown in colour. It gives blui^ gr^ colour on addition of alkali. It is 
soluble in acetone, ethanol and acetic acid. 

Anal.for ;C26Hi804 (mol. wt. 394) 

Calc. :C, 79.18; H,4.56; 


Found :C, 79.04; H, 4.50; 

A.4.5 Preparation of ( 3- acenatif 


vdm quimme ph th ai-m-ein : 


It was prepared hy cxmdensmg a homogeneous niixhire of tibe ^id (1.5g) 
and hydrocpiincme (1.5g). The intimate mixtuie was healed on oil bath at 160- 
170®C in presence of 8-10 drops of ccmcentrated sulphuric acid for about four 
hours till Ae molten mass became hard fmd brittle on cooling. The isolation and 
purification of the dye were done as in the case of (3- acenaphthyl phenyl) 
resorcinol phthal-as-ein. Yield 1.8 g. 

The daric Iwown dye having m.p. above 360®C, is soluble in chloroform, 
ethanol and methanol Its alcoholic sohitkm gives a reddish brown colour that 

turns into purple on additiem of an alkah. 

Analfor :C26 Hi 804 (molecular wei^ 394) 
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Calc. :C, 79.18; H,4.56; 

Found :C, 79.00; H, 4.48; 

The mixture of the acid (l.Og), and pyrogallol (l.lg) was heated in the oil 
bath in presence of 6-8 drqps of concentrated sulfidiiiric acid at 140-!60"C for 
about four hours. The dye was isolated and purifi«»l in a rammer similar to the 
other dyes, yield 1 .2g. 

The black shming crystals having a m.p. 205-20/C, is soluble in ethanol, 
methanol and acetic acid. It dissolves in eAairal ykslding retMish In’own colour 
which turns violet on addition of a drop of an alkali. 

Anal.for :C26Hig05(mol. wt. 410) 

Calc. : C, 76.09 H, 4.39; || 

Found : C, 75.86 H, 4.34; 

A. 4. 7 Preparation of (3- aeenaphthvl) nhhmmlucinol ifhthal-us-ein: 

It was prepared condensing a Immogeneous mixture of the acid (1.2g) 
and phloroglucinol (1.5g). Tl^ intinuite mixture was heated on oil l^tth at 180- 
200°C for about four hours. The dye was isolated and purified in a nminer similar 
to the other dyes, yield l.Og. 

The light brown dye m.p. 245®C decomposed, gives light brown colour 
with ethanol, which turns into dark taown on adding a drop of an alkali. It is 
soluble in acetone, ethanol methanol and acetic acid. 

Analfor ;C26Hi805 (mol. wt. 410) 

Calc. : C, 76.09; H,4.39; 

Found : C, 75.80; H, 4.36; 

A.4.8 Preparation of (3- ucenmhthvl) diacetyl mMdmLl_EM k3kMdim 

[Acetylation of (3-acenaphthyl ) resorcinol phthal-^-ein] 
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The dye (3-^eiiapfadiyl frfieiiyl) rescjrcinol |^tiial>as>a*«in ( I Og) and 
sodium acetate (3.0g) with IS.Oml of frosty di^lk^ a^ic aordiydride were taken 
in a 50ml round bottom flask fitted widi an air cemdenaer. The contents were 
refluxed at 130-140 C for about four hours. The h<X contend were poured slowly 
into a beaker containing a shi^ of ice and water with corateit during. It %vas left 
overnight whereupon the light yellow solid settled (k>wn. It wm filten^, washed 
well and dried. The crude (H'oduct was treated with antwial dh^coal and 
crystallized from aqueous ethanol and a little acetic acid. It was dried in an oven 
at 80 C and then over {^osf^orus pentoxide under reduced pressure, yields 
0.65g. 

The ciystalline acetyl derivative is yellowish white coloun^ and has a ra.p. 
146-148 C. It is soluble in ethanol, i^etmie and acetic acid. 


Anal.for ;C26Hi604 (COCHs) (mol. wt. 478) 
Calc. :C, 75.31; H, 4.60; Acetyl, 18.02; 
Found : C, 75.18; H, 4.58; Acetyl, 17.92; 


A. 4. 9 Bromination 


-iis-ein: 


[(3-acenaphthyl ) dibromo resorcinol i^dia-as-ein] 

The dye (3-acenaphthyl )-resorcinol-phthal-as-em (l.Og) was dissolved in 
minimum quantity of glacial acetic and 15 ml of a 10% solution of bromine in 
glacial acetic acid was slowly added in the solution of the dye. The fbsk was 
fitted wifli an air con^nser and foe contoiite were refluxed at 120-130®C for 
about an hour. The contents were cooted and diluted with minimum quantity of 
distilled water. A dirty orange powder settted down. It was filtered and washed 
well with water confining acetic acid and ftially with hot water for foe removal 
of excess of bromine. It was dissolved in aqueous caustic soda and filtered. The 
filtrate gave the bromo derivative of foe dye on gradual addition of dilute 
hydrochloric acid. The bromiimted dye was finally fHirified by crystallization 
from aqueous ethanol and dried at 80°C in an oven and then in a vacuum 
desiccator, 5 neid, 1.2g. 

The brick red crystalline compound having m.p. 134-136®C is soluble in 
benzene, ether, chloroform, acetone and acetic acid. Its ethanolic solution is 
yellow in colour which turns into yellowish orai^^e with green fluorescence on 
adding a drop of alkali. 


' {■■t: 


" ' j'''; ’ 
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Found ; Br, 28.82 


4. Iff i iitistic treutument o f {3- acenun hlhyli resorcinol phth ul-iis- eiti 


Potassium hydroxide pellets (lO.Og) were taken in a crucible and heated 
with a few drops of water to make a paste. The dye (1.0) was then added to it. 
The contents were heated for about four hours till the daiicened colour of the dye 
faded completely. After cooling, die contents were diluted with 50 ml of water 
and filtered The dark residue (I) settled down on just n^tralizing tlw alkali. It 
was filtered and washed well with water. The filtrate, when acidified finrther by 
adding excess of dilute hydrochloric acid gave white precipitate (II), which was 
filtered and washed with water. It was crystallized fircMn aqurous e^banol and 
dried in a vacuum desiccator. The filtrate was shaken with ether and on 
evaporation of the excess of the solvent, a brownish red residue (III) was 
obtained. 


Residue- / 


It was identified and confirmed to be the unreacted dye from its colour 
reaction and determination of the mixed melting point with die authentic sample. 


It was acidic in nature and gave positive tests for the presence of 
carboxylic group. It was identified as 2-{3’acenaphthoyl) benzoic acid and 
confirmed by mixed melting point determination (m.p. 199-20 rC) and by 
superimposition of the IR spectra of the authentic sample. 

Resklue-in 

The purified sample melted at 109-1 10®C. It gave positive testes with 
Ferric chloride, Fehling’s solutirm and ammonical silver nitrate. It gave 
fluorescein test with phthalic anhydride. On the basis of these observation, it was 
confirmed to be resorcinol. Acetylation, bromination and caustic potash treatment 
of the dye are shown in chart G in Chipter II. 




CHAPTER iV 


BEN/O t( v( H) 


H. I Premiration of 


dimethvl-henov! I tetruchloro henzok m itL 


The acid was prepared by carrying out Friedel-Crafts reaction between dry 
AR SOrol of meta-xylene and 28,0 g of tetrachloro phthalic anhydride in presence 
of anhydrous aluminium chloride (27.0g ) as a cat^yst, in a similar manner as 2- 
(2’ 4’ demthyl benzoyl ) benzoic acid chapter III. The yield of the acid obtained 
was 14. Og. The crude acid was crystallised from methanol in the form of yellow 
crystals, m.p. 220-222®C. The acid is soluble in water, ether and methanol. 


CieHioCbCb (mol. Wt. 392) 


Found 


B. 1J PREPARATION OF ACETYL DERIVATIVE OF THE HID 


It was prepared and purified in a manner similar to that described under 
acetylation of 2-(2’ 4’ dim^yl benzoyl ) benzoic acid (A 1.1 chapter III). The 
light brown coloured acetyl^^ prodwt soluble in acetone and choroform has m.p. 
122°C. 
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Anal. For : C,»H, 20404 m CisH^CUOi (COCH, ) (mol Wi 434 ) 

Calc : C, 49.77; H, 2.76; 0.32.72; acetyl. 9 91; 

Found :C, 49.59; H,2.70; C. 32.60; acetyl, 9.87; 

The (tyes prepared ftom die acid may be rcfwesented by the following 
general formula. 


P heimo 1 ic cc i m po a ik! 


Dve molecule 


B. 1.2 (2, 4- dimethyl phenyl) phenol tetrachloro phthal-as-ein, 


B. 1 .4 (2,4- dimelliyl phoayi) cMcxImI tetn^hlbro phthal-as-ein. 

R3 = R 4 = Rs = H; Ri = R2 = OH 

B.1.5 (2,4- dimethyl phenyl) hydrocpiinone tetrachloro lAthal-w-CBi. 

R2 = R 3 = Rs = H; Ri = R4 OH 

B. 1.6 (2,4- dimetiiyl phenyl) pyrogallol tetrachloro phthal-as-cin. 

Rt = R5=H; R2 = R2 = R3 = OH 

B. 1.7 (2,4- dimethyl phenyl) phyloroglw:iiH)l tetrachlcMro fAtfial-as-cin. 

R2 “ R 4 ~ H; Ri = R3 = R5 = OH 

B. 1.8 (2,4- dimethyl phenyl) diacetyl rescnrcinol tetrachkaro phthal-as-cin. 

R2 = R4= Rs = H; R, = R3 = OCOCH3 
B. 1.9 (2,4- dimethyl pheoyl) dibromo resorcinol tetrachlcwo phthal-as-ein. 

R 5 = H;R, = R 3 = 0 H; R2 = R4 = Br 

BU PREPARATION OF (2J~mMETHYL PtlUMiJ FHliiSOL 
TETRA CHLORO PHTHAL-^AS-EIN: 

The dye was prepared by ccmctensing the homoj^^us mixture of die acid 
( 2.0 g) and phenol ( 1.0 g) at 160-170®C fear fmir hours in presence of few drops 
concentrated sulphuric acid. The dye was isolated and purified similarly as 
described in the case of (2, 4 dhnedtyl pli«iyi) pi^ool phthal-as-ein (A. 1.2 chapter 
III), yield 1.82g. 

The pink coloured dye has m.p. 230-232°C. Its ethanolic solution is wine red 
coloured which turns into violet on addition a drqp of alkali. 

Anal. For : C 22 H 14 CI 4 O 3 (mol. Wt. 468) 

Calc : C, 56.41; H, 2.99; 01,30.34; 

Found : C, 56.32; H, 2.96; C, 30.28; 
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/f-, H ik \Ui HI soHi I \oi 

/ /. fH ii If LORO l*inHAU4S~i^- ■*' 

ft was prepared by heating the intimale mixtwe of d*e acid (5 2g) and 
resorcinol (3.0g) in an oil badi m I40-160®C in presence of siil|^iaic icid 
(concentrated 6-8 drops) f<M' abiHit four md half hours. The isoktim and 
purification of the d}^ were earned out in a nuuiner similar to diat tfescribed in the 
case of (A. 1 .3 chapter III), yield 4.8g. 

The golden brown coloured dye, m.p. 280-2 82®C gives pale cremal colour in 
ethanol which turns into pinkish (Hange with gnen fltitMescence on skiing a drop 
of alkali. It is soluble in acetone, edianol, methaiKil and aoeim acki. 


Anal. For 


Found 


: C 22 Hi 4 Cl 404 (mol. Wt. 484) 

: C, 56.55; H, 2.89; €1,29.34; 
:C, 54.40; H,2.86; C, 29.26; 


liJJ PREPARA TION OF (2. 4 DIMHTHYL FHI WIJ i I H i IKII 
TErRACHLOROPHTHATlMS-tlN: 


Condensation of the acid (2.0g) and catechol (I.5g) was carried out at 120- 
140®C for four hours by using 3-4 drq>s of coiK^itrate»l sulphuric acid as 
condensing agent. The dye was isolated and purified exactly in a similar manner as 
the other dyes. The black coknmed <fye, m.p. 248-250®C gives brown colour in 
ethanol which is not changed (mi additiem of alkfili. 


Anal. For 


;C 22 Hi 4 Cl 404 (mol. Wt. 484) 


Calc 


C, 54.55; H, 2.89; Cl,29.34; 


Found 


C, 54.35; H,2.86; C, 29.26; 


A OF (2.4 DIMETHYL PHESYIA HYDROOl i.\0\E 


TETRACHLORO PHTHAIMS-EiN : 


An intimate mixture of acid (1.5g) and Iqrthroqumone (l.Og) was heated m an 
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oil bath 160-170 C, m prmiK:« of concoitrated sulphuric ( 3-4 drops) The 
reaction, isolation and the punfic^km were earned oia in a nwiner similar to 
(B.1.3) , yield 1.3g m.p. 320 C (decomposed). 

The light black dye, soluble in ethanol £^es golden brown colcMir which is 
not changed on adding a drop of dkali. It gives ijbrk brown colour in strong basic 
medium. 

Anal. For : C 22 H, 4 Cl 404 (mol. Wt. 484) 

Calc : C, 54.55; H, 2.89; 0,29.34; 

Found ;C, 54.40; H,2.83; C, 29.22; 

HJJ) l*Ri: APAR MIOS OF (2.4 DIMtllHM PHl Wh P\K(H, Ml.Ol 
mTRAl HIAmO PHTHAL^AS-EIN > 

The dye was prepared by condensing die ^id (2.0g) and pyrogallol (1.4g) 
by using 2-3 drops of c(xic. sulphunb ackl as condensing agent. Heating was 
continued for four hours at 130-145®C, till brittte mass was obtained on cooling. 
Isolation and purification were done in same way as in case of (2, 4 dimediyl 
phenyl) resorcinol tetrachloro {ditiial-as-ein, yield 1 . 8 g. 

The blackish brown dye having m.p. above 360°C, is soluble in acetone, 
edianol, methanol and acetic acid. It gives golden brown and brown colour in 
ethanol and alcoholic caustic pota^ solution respectively. 

Anal. For ; G 22 H 14 CI 4 O 5 (mol. Wt. 500) 

Calc : C, 52.80; H, 2.80; Cl,28.40; 

Found : C, 52.61; H,2.76; C, 28.30; 

KU PREAPARAIOIS OF (2.4 DIMETHYL 
TETRACHLORO PHTHAlAS-EIRi 

The mixture of acid (1.5g) phloroglucinol (1.5g) and few drops( 6 - 8 ) 
concentrated sulphuric acid was heated in an oil badi at 190-200 C for three and 
half hours . The dye was i^lated and purified exactly as B 1.3 yield 3.0g. The dark 
orange dye having m.p.248® C (decomposed), gives wine red colour in ethanol 

which turns into dark red <Mi adding a drop of alkali. 
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C 22 H 14 CI 4 O 5 (mol. Wt 500) 
C, 52.80; H. 2.80; 0,28.40; 
C, 52.60; H,2.73; 0,28.24 


Found 


Hjj K7:nx.ty/ov i 

//: 7 /^/ ( in P RO PI linn. 


PKPPiRAT/oi\ OF (2,4m mm y I i 

Rimmcmoi- rinRAammo phthai^ak-hs 


Acetylation and isolation of the acetylderivative was cmried out as in 
case of A. 1.8 chapter III, yield 0.80g. 

The buff coloured dmetyl derivative having m.p. 314-316® C is soluble 
in benzene, chlorofonn and acetic acid. 


C26H,80406 or C 22 H, 20404 (COCH 3)2 (mol. Wt. 568) 


Found 


B.L9 HROMINATION OF (2,4 DIMRJ/m. PHlSM.l R lSORi I Mil 
TETRA CHLORO PHTHAIMS-EIN : 


DIMETHYL PHENYL} DIBROMO RESORCINOL 


TETRA CHLORO PHTHAIMS-EIN 


The ^e resorcinol (l.Og) was dissolved in a minimum quantity of glacical 
acetic acid and 10ml of 10% solutitm of Iwomine in glacial acetic acid was slowly 
added in the solution of dye. The flask was fitted with an air condenser and tiie 
contents were refluxed at 120® C for an Imur. The exbractkm and purification of the 
brominated compound were done as in tiie case of Iwommation of (2,4 dimethyl 
phenyl) resorcinol phthal-as-ein (A. 1 .9 chapter HI), yield 0.90g. 

The pale yellow coloured dye having m.p. 119-120® C is soluble in ether, 
methanol, acetone and chlcMroform. 


C22H12CI4O4 Br2 (mol. Wt. 642 ) 



Calc 

Found 


;Br, 24.92; 
;Br, 24.75; 


r u .nr roiAS.i ! tm r,n 

s 6i n: 

Caustic potash fusion of the dye (I.Og) 

^er as described in the case of (2, 4 dimethyl phoayl) resorcinol phtha 

“a. 1 . 10 chapter III), yielding following diree residues: 

Residue (1) was j 

reactions. It was further confirmed by mixed meltmg point oe 

original dye. 

hUmtificc kon of ResiduiJlIi-^ 

R was found to 

Sco«t^“-^0 poiot superimposition of 

spectra with the authentic sample. 

ldenms.^S!!»L££S!^^-i^ ^ ......... .„i„.„ 


„0» C It Sive violet blue colour 

The acelyiarion, bromination and causdc po 
shown in chart A, diapter II. 



/II /.S hi.RUtn l ROM 2 ~t A 


imnYHi 


L LI KMJ1W1(> lif s/.oK iui) 


l PREPA RA TION OF 2-(3 -CA. 
i RAL ULORO HENZOIC ACID 


4-nyDRO\y me /in u 


The acid was prepared fay canying out Friectel- Crafts reaction between 
methyl, salicylate (dry AR 80ml) and tetr^hlcnro phftialic anhydride (28. 5g about 
O.lmole) in presence of anhydrous aluminium chloride (27g about 0.2 mole) as 
catalyst. The reaction and isolation were earned out in a similar manner as in the 
case of 2-(3’-carbmethoxy 4’-hydn)3^ benzoyl) benzoic acid (A.2 chapter III) 
yield 20g. The crude acid was crystdlized fr(wn methanol in the form of cream 
coloured crystals. m.p. 220® C (dt«omposed). It is soluble in hot water, ether and 
methanol. 


Anal. For. : CieHgCljOe (mol.wt. 438) 


Found 


K 2.1 PREPARA TION OF ACETYL DERIVATIVE OF JMLdnili 

The acid (l.Og) and fused sodium acetate (3.0g) were refluxed with 15ml of 
freshly distilled acetic anhydride exactfy in a similar manner as (A.1. 1 chapter III). 
The brown coloured acetyl derivatiw having m.p. 207-209 C b soluble in 
chloroform, acetone and acetic acid. 
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Anal For. ; CjoHijCUO* or CM(Mk (aX:H,) 2 (nBd.wt. 522) 
Calc : C, 43.84; H,l.83; Cl 32.42; 

Found : C, 43.65; H, 1.81; Cl 32.33; 



Dye molecule 


B.2.2 ( 3 -caibmethoxy Wiydroxy phenyl) phenol teWehloro phthal-as-ein. 

Ri=R2=R4=R5=H;R3=OH 

B.2.3 ( 3 -carbmethoxy 4-liydroxy phenyl ) resofcinol tetrachloio phdial-as-em. 

R2=R4=R5=H ; Ri=R3=OH 

• 

■ : 
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B.2.4 (3-cart«netlioxy 4-hyclro3cy jAimyl) catechol tetrachlwo phlhal-as-cm 

R3=R4=R5=H ; Ri=R2=OH 

B.2.5 (3-carbmethoxy 4-hydroxy plMi^l) hy<h’oquiiM>iie letra chlixro phthal-as-cin. 

R2=R3=R5=H ; Ri=R4=OH 

B.2.6 (3-cart)metfaoxy 4-hy(b-oxy phenyl) (^oplk>l tetra chlcsro phthal-as-cin 

R4=R5=H; ; Ri=R2=R3=OH 

B.2.7 (3-carbmethoxy 4-hydroxy phenyl) phlorc^lucinol tetra chloro phthal-as-cin 

R2=R4=H; Ri=R3=R5=OH 

4^-- 

B.2.8 (3-carbm ^oxy 4 j bgf^oyyif :henyl) diacetyl rowrcinol tetrachlOTO phtii^-as- 
ein. 

R2=R4=R5=H ; Ri=R3= OCOCH3 

B.2.9 (3-bromo 5-carbmethoxy 4-hydroxy j^heoyl) dibromo resOTcinol tetrachloro 
phthal-as-ein. 


R5=H ; Ri=R 3=OH ;R2=R4=Br 


PHENOL TETRACHLORO PHTHAL- AS-EW: 


4~H VDROX y PHENYU 


The dye was prepared by condensing the acid (2.0g) and phenol (l.Og) in 
presence of 3-4 droj:^ of amc. sulphuric acid. The heating, isolationand 
purification were carried out exactfy in a siniiiar manner as in case of (3- 
carbmethoxy 4-hydroxy phenyl) phenol phflial-as-cin (A. 1.2 chapter III), yield 
1.6g. The orange dye having m.p 240-242® C gives golden yellow colour with 
ethanol, which turns into violet on adding a drop of alkali. 

AnaLfor : C 22 H 12 CI 4 O 6 (Mol. Wt 514) 


Calc. : C,51.36; H,2.33; Cl 27.63; 
Found : C, 51 20; H, 2.3; Cl, 27.57; 
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g g tfr/ \0/ n mACHLORO Pl!THAU4yyf:iS 


It was prepared by heating die ho«nog<»M>iis mixtwe of the acid (3 Og) and 

resorcinol (3 .Og) in an oil bath at 140-160® C. The oMiccfilritfi^i 

drops) was used as a condensing agent. The heating was c<mtint«i for about oin 
hours. Isolation and purification of the <tyc wwe emriai mtf in a similar maiuwcr as 
in the case of (A.2.3 chapter III) yield 2.5g. 

The light brown shining dye having m.p,280-282® C, gives pale yellow 
colour with e&anol, which turns into reddish oiwige mOt green fluorescence o 
adding a drop of alkali. It is ^dublc in bemene and acetic 

Anal. For. ■. C 22 II 12 CUO 7 (Mol. W.t. 530) 

Calc. •• C,49.81 ; H, 2.26 ; Cl 26.79 ; 

Found : C, 49.65; H, 2.23 ; Cl, 26.70; 

/i.2.4. PREPARTION />F B-LARRMETHm y PHh^lU. 

7^~nTA U()l Tl TRACHt PHTHIMS-EIS^ 

The condensation of the intimate mixture ^' ’^^^^*0^1 30®^ C fw 
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r“ ^ ■” P MO" f (-fecomposed), 

gives hgta teown colour with ethanol, which tunis hno dark brown on adding a 

drop of alkali. 

Anal. For : C22H12CI4O7 (Mol.wt 530 ) 



Found 


#.26 PREPART/ON 


(3-C'ARRMEmOXy ^ HYDRO \ \ 
pyRiH.AUML TETRACHLORO PfmiAl-AsIf K^ 


The mixture of acid (l.5g) pyrogallol (F5g) and concentrated sulphuric acid 
(3-5 drops) was heated in an oil bath at 130-140 ® C for about three and half hours. 
The isolation and purifkabon were carried mtt in a same mannor as ( A2.3 chapter 
III ), yield 1 .5g. 


The dye is brown in colour, m.p. above 360** C. It diows wii» red colour in 
ethanol which turm into bhie cokw on aiMing a drop of alkali. 


Anal. For ; C 22 H 12 CI 4 O 8 (Mol.wt 546) 


Found 


4 mi}RO\y PUESYU 


PHLOROaiLCINOL TETRACHLORO PHTH if -AS El X 


The condensation of the intimate mixture of acid (1.5g), phloroglucinol 
( 1.5g) was carried out in preseiKje of 3-4 drops of cone. Sulphuric acid at 190-200 
C for four hours. Isolaticm and purification of tibe dye were done as in the case of 
A.2.3. chapter III , yield l. 8 g. 

The dark orange dye dm>nqM>s«i above 300 ® C. It gives wine red colour 
witii ethanol, with turns into red with green fluorescence on raMing a drop alkali. 


Anal. For ; C 22 H 12 CI 4 O 8 (Mol wt 546) 


il45- 



C, 48.20; H, 2.17; Cl, 25.92; 


Found 


The (fye, (3-carbinelho)qr 4-hydroxy jhaiyl) resorcinol tetrachkxro i^ithal- 
as-ein (l-Og), sodium acetate (3.0g) and fie^biy distilksd acetk; anhydride 
(15ml), were taken in a 50ml nxiod bcmom flidk: fitted witih aoi air condoEusor. The 
reaction, isolation and purificidion wrae cmbd out in a tinnlar manner as in die 
case of A.2 .8 chapter III, yield 0.75g. 

The golden brown coloured triacetyl derivatiw having m.p. 166-168 ® C, 

is soluble in benzene, solv. Efliw, ddorofinrm ai^ iK^etic acid. 

Anal. For : CzgHigChOio or C 22 l¥^l 407 (COCHg)! (Mol. Wt 656) 

Calc. : C, 51.22; H, 2.74 ;C1, 21.65 ; acetyl, 19.66 ; 

Found :C, 51.03; H, 2.71; Cl, 21.50; acetyl, 19.60; 

' . : HMjn //.% 4 / H }\ Hi fM iHH Ml.liitJW , i r U f nK<>\j [[ IJL J I J 

. I } C/. // / ^ 17 /// /*///// > / - 

The resorcinol (l.Og) was dissolved in a minimum quantity of glacial ^tic 
acid, was slowly added in the solution of dye. The reaction, isolation ^d 
purification were carried out in a similar manner m in case A.2.9 dbapter III, yield 

0-80g. 0 . ■ 

The pale yellow micro crystalline dye having m.p 308-309 C, is soluble in 

solvent ether, alcohol, chloroform and ajeticiKsid. 

Anal. For ; C 22 F[ 9 Cl 4 Br 307 (Mol.wt 767) 

Calc. :Br, 31.29; Found ; Br, 31.20; 

H ’ /// i'4l'ST!{ ’ POTASH TREATMEST Ot . LizL f 
Jn ^xTHnisu ) RESimnsoi rEIMa iMmmm s / -J, >- /• ( •: 
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Caustic potash treatment of the dye (l.Og) was earned out exactly in a 


similar manner as in case of (A.2.10 chapter III ), as a result following ihr^ 

residues were obtained. 

(iJi'ijfijiyaJjtfM of residue (111 

It was identified as unreacted residua! dye on dw basis of ite colour reactions 
and confirmed by mixed metenig point (tetermination with mitteitic sample. 


.‘iitifn at mt Ilf residue 


It gives positive test for caiboxy! and phenolic gro^w and was identified and 
confirmed as 2-(3’-carbmethoxy 4’-hy*oxy bcmoyl) ^tn^^Wwo be**^*" ^ 

mixed melting point determination and superimpmiticm of IR spectra with 

authentic sample. 


hhmiification ofjrsidue j MI^ 

It was identified and confirmed as resofcmol 
with feme chloride sotation, reduced ToUeo’s reegent aid Fdilmg » 
shows no depression in m.p. lOS-KW" C when mixed w.d> the authentic resorci 

sample. 

The acetylation bromination and caustic potash fusion of the dye are given 
in chart C (chapter II). 





ChmtierlV' 


I JlLRLUi!lJiEOM_2z<iS '-iHumtKi 
1 1: / H\ i M il) : 


i ULOHOMI nm HI \/0\ i I 


CH 2 CI 


2-(5’-ch!oro-2’- chloromethyl benzoyl) tetrachlorben/oic jicid 


BJ PJiEPARATION OF 2-(5^-CHU)RO 2 -i /ILOROMHHYI H! \/0\lJ 


TETRA CHLORO BENZOIC U W 


The acid was prepared by carrying out Friedel Crafts reaction between 4- 
chloroben 2 yl chloride and tetrachloro phthalic anhydride and anhydrous AICI 3 . 
Starting with 4 -chloroben 2 ylchloride (AR, dry 100 ml), along with tetrachloro 
phthalic anhydride (28.5g, 0.1 mole) and anhydrous aluminium chlororide (27 .Og, 
about 0.2 mole) used as catalyst, die acid was prepared following the procedure 
outlined in subsection A. 3 chapter 111 for the prepfuaticm of 2-{5’-chlcwro 2’- 
chloromethyl benzoyl) benzoic acid 


The acid was isolated as dirty white orystals which had a netting fxiint of 
258-260° C (dec.). The crystalline solid was foamd to be soluble in acctoiK; 
chloroform and methanol, yield 15.5g. 


C 15 H 6 CI 6 O 3 (Mol.Wt.447) 


Found 


B 3.1 PREPARATION OF ACETYL DERIVATIVE OF THE ACW 


1 Og of tile acid 3.0g of tiised so^um was refluxed with 1 5 ml of 

freshly distiUed acetic anhydride at 120-130® C in the same way as done for H 5- 
rhloro 2’- chloromethyl bereeoyl) benzoic w:id described in A. 3.1 chapter 
was crystallised from acetone in the form of a brown soKd ifccomposmg M 
147° C. It is soluble in ethanol, benzene, cMwofoiin and acetic acid yield o wtg 


Anal. 


Calc. 


; CnHsCUO, or C.sHiCUO, (OC.CH, (Mol. Wt.489) 

: C. 41 .72; H, 1 .64; Cl, 43.56; acetyl 8.79; 


c • C 41.60- H, 1.60; Cl, 43.43; acetyl 8.76 

The dyes prepared from the acid may be represented by the following 


structures: 


O 




o 


Acid (Lactol form) 


Ri 

Ri JL 


o. 


H ^ 

Rs 

Phennoiic compound 


Cone H2SO4 


jOC^ 


Dye molecule 
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B.3.2 (5'=Woro-2s:U<H»^l phenyl) phenol 

B.3.3 (5-chloro - 2-chioroiiie%l phenyl) reswciiiol tetrachhm) ^^-ms ^in; 

R 2 = R4 = R5 = H,R,=R3=0H 

B.3.4 (5-chloro - 2-chloromethyl phenyl) catechol tetrachloro phthal -as -em; 

R3 = R4 = R5 = H, Rj = R 2 “ 0 H 

B.3.5 (5-chloro - 2-chloromethyl phenyl) hy<!h’oqtiiiMme tetrachloro phUial-as ein; 
R 2 = R3=R5 = H,R5=R4=0H 

B.3.6 (5-chloro - 2-ch](Hmiietfayl {4^iyl) f^c^bl tc^radikxro phlhal-as -ein: 

R 4 = Rs = H, Ri = R 2 = R 3 = 0 H 

B.3.7 (5-chioro - 2-chioroiiiefdiyl j^beiQrl) phicvoghicmol tetrwiiifcMno |^hai-as - 
ein: 

R2 = R4 ~ H, Ri = R3 = R 5 = 0 H 

B.3.8 (5-chloro - 2-chloronQ^diyl jdieny}) dii^^l rescHdiK>l tetndUcM-o i^^hal-as 
-ein: 

R 2 =R 4 = Rs = H, Ri = R 3 = O.CO.CH 3 


B.3.9 (5-chloro - 2-chlorometibyl pli^yl) dihrcano resorcmol tetrachbro phthal-as 


J U.2 PREPARATION OF (S-€HLORO-2-CHl(}ROMt:TUM 
PHENOL TETRA CHLORO PHTHAL-AS-EIN : 


A homogenized inthnate mkhne of 2.0g of tibe acid and l.5g of phenol was 
heated in a hard boiling tube to nudke it homo^tmtCMiis. It wa® titei condensed in an 
oil bath in presence of 3-4 drops of concentrated sulphuric acid at 160-175^ C for 
about four and half hours when a hrittb mass wa® okained cwi cooling. Steam 
distillation was employed to remove exeats of phmicd present in the reaction 
mixture. The reddish pink solid mass left m the flask was extracted with a 2% 
solution of sodium hydroxide. It was filtored and the dye was prec^itated fixjm the 
coloured extract by the g^adoid atkhttoo of dilute hydrocWofic acid with constant 
stirring. It was purified by repeated otystaBizatton fiiom rectified spirit and dried in 
vaccum desiccator, yield I40|. Tito parity of foe 4ye was tested by paper 

chromatogr^hy as in ca^ A.1.2 chqiter III. 



The pinkish white dye has a m.p. 248-250® C. It is soluble in ethanol, 
acetone, ether and acetic acid. The edianolic solitfion of the dye is li^ yellow in 
colour that turns into rose red cobur on adding a drc^ of an alkali 

Anal. : CziHioCIfiOs (Mol. Wt.523) 

Calc. :C. 48.18; H, 1.91; Cl, 40.73; 

Found : C, 48.05; H, 1.90; Cl, 40.61; 

/i. ? PREPARATION OF iSAiiiumth-i-aiumn itj ii >;/ Pli tl I / 1 
kl SOHC I SOI l ETRAaUAm) PHTHAL-AS-US : 

It was prepared by the ccmdensaticHi of 3.0g of the acid and 2.5g of 
resorcinol (excess than the molecular proportiwi) on and oil bath in presence of 5-6 
drops of concentrated sulphuric acid at 150-170® C for about four and half-hours. 
It was isolated and purified as desorfljcd for A. 3.3 chapter III, yield 3.0g. 

The golden yellow crystalline dye having a m.p. 2%-298® C is soluble in 
acetic acid, ethanol and ether. It dissolves in ethanol giving a deep orange colour 
with green fluorescence with an alkali and pink colour with green fluorescence 
with alcoholic caustic potash solution. 


Anal. 


: C 21 H 10 CI 6 O 4 (Mol. Wt.539) 


Calc. 


;C. 46.75; H, 1.86; Cl, 39.52; 


Found : C, 46.52; H, 1.80; Cl, 39.43; 

b}4 prepara tion oe <,AHumo.2A:HL ORomUlXL Jmi^ 

rAlFCHOI. TETRACHLORO PHTHAI-AS-EIN: 

The (fye was prepaied hy heating a mixture of l.Og each of the 
catechol in an oil hath at 1 10 “ C to make it uniform and homogeneom. Thm * 

intimate mixture was condensed for four and half h^ m f 

nf rnncentrated sulphuric acid. The isolatiee and the punficatron of tl^e dye were 

to that in the ease of phenol phthal-as.m des^bed m 

A.3.2 chapter III, yield 1.5g. 

The black crystalline ^e having a m.p. 256-258“ C is soluble in etool to 
yield a^ght brL colour in eflmnol *at turns to dark brown on addmg a drop 

an alkali. 


- 151 - 



Anal. ■- C21H10CI6O4 (Mol. Wt.539) 

Calc. :C. 46.75; H, 1.86; Cl, 39.52; 

Found : C, 46.63; H, 1.80; Cl, 39.31; 

ii.3.y PRtiPA RA nos Of HI OHti M i Hi \ j 

lETRAillWROPHW ll-AS- t'IS: 

1.5g of the acid and l.Og of hydroquiiMMie were mixdl to ferm an intimate 
and homogeneous mixture and heated in an oil lath at 160-180*® C for three hours | 
in presence of a few drops of ctMicesihated sii^uric acid. Tito isolation an 
purification of the dye ws carried out in a manner similar to the cwtic actepted for A. 

3.3 chapter III, yield 1.2g. 

The blackish brown dye, having m.p. above 360® C is soluble in 
giving a leaf brown colour that turns into brown cai die addition of 2% caustic 

solution. 

Anal. I C21H10CI6O4 (Mol. Wt.539) 

Calc. ;C. 46.75; H, 1.86; Cl, 39.52; 

Found : C, 46.62; H, 1.80; Cl, 39.38; 

/i 3 6 PREPARA TION OF iS- rm.ORO--2-aU A) 

PVmH.AU.OI TETRAanA)ROjm MMzM:^^ 

The intimate and homogenized mixture of 1.5g of the acid 
nvrogallol was condensed together in presence of a few ^ops 
sulptoric acid on an oil ha* at 135-145“ C for about li^ hom. 
adopted for isolation and purification of die dye was similar to e one p 
A. 3 .3 chapter III, Yield 0.70g. 

The blackish brown coloured %e having m.p^ above 360 C 
utoolfo solution leaf brown in eolonr which on addmg a drop of an alkali 

becomes violet. 

Anal. :C2iH,oCl605 (Mol.Wt.555) 


Calc. 


C. 45.41; H, 1.80; Cl, 38.38, 
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Found 


TErRAL ULORn puru 


The intimate and thoroughly homogeneous mixnire of I.Sg of tfic mad ai^ 
l.Og of phloroglucinol along with a few dr(^ of crnicentrmml sii}| 3 huric acid was 
together heated on an oil bath at 200-220** C for about throe hours, fhc isolatiOT 
and purification of the dye was perfinmed in die same way as that described for 
A.3.3 chapter III, 3tield 0.80g. 

The blackish brown colourmi dye noLp. 320® C (<^.) yields a golden brown 
coloured solution in ethanol that turns dark rmi on adding a drop of an alkali. 

Anal. :C2iHioCl605 (Mol. Wt.555) 


Found 


HJ.H ACETYLATION OF (S~€HlORO-2-CIU OR \ nm\ i i 

RESORCINOL TETRACHLORO PHTHAL-AS EIN: 


U En i RESORi I M)l 


TETRA CHLORO PHTH A L-AS-E!M 


l.Og of the 5-chIoro-2-chioromethyi phenyl) resorcinol tetrachloro phthai- 
as-ein dye, 3.0g fused sodium acetate and I5ml of fieshly distilled acetic anhydride 
were tsJeen in a 50ml round bottom flask fitted with an air condenser. The 
acetylation, isolation and purification of m^etylated product was carried out in 
exactly the same manner as in the case of A.3.8 chapter III, Yield 0.70g. 

The buff coloured diaeetly (terivative (m.p. 160-162® C) ia soluble in 
benzene, carbon tetrachloric and chiomform. 


or C 2 iH 8 a 604 (OC.CH 3 >2 (Mol. Wt.623) 


C25H14CI6O6 


Found 


. ./ o u/A < //o V ot (s-aiwm>^2-LHi.omn 
7.\oiii / \o/ //./7? ii iiioRo piirmi is-i is . 


HIM Pill ^),ij 


(l3-i /// OHO-2-i i n OROMETHYU 
/ 1 I P t( // / iIRO pThHAIMS-EIN: 


ghMIMllMII. 


The l.Og of tine dye 5-cWon)-2-chlcMoiiicdtyl pbcnyl rescMrcinol tetir^hloco 
phthal-as-ein was dissolved in minimum quantity of glacial acetic acid. 10 ml of 
10% solution of bromine in glacial acetic was gradually sakted in the solution of 
the dye. The flask was fitted with an an coiaknaer aamd da cmntaate weie rclhst^ 
at 120-130® C for about an hour. The contents were cooled and diluted with 
l yi^nimiiTn quantity of distilled water. A blackMi rose powder sctlW down. It wm 
filtered and washed with water containing acetic acid and finally widi hot water for 
the removal of excess of bromine. It was dissolved in aqueous cau^k: so^ ami 
filtered. The filtrate gave tite bromo derivative of the dye on gradual addition of 
dilute hydrochloric acid. The crude bromo derivative of the dye was fiitelly 
purified with aqueous ethanol and dried at 1 10® C in an oven and then in a vacuum 
desiccator, yield 1 . 1 Og. 

The blackish rose coloured powdery dye having m.p. 326-328 C is soluble 
in benzene, ethanol, and acetone. 

Anal. : C 2 iH 8 Cl 6 Br 204 (Mol.Wt.697) 

Calc. : Br, 22.96; 

Found : Br,22.84; 

ti ^ in C4VSTK POTASH TREA TMTM ^JIL. .. (liMMih 
7ii77)rometh}t1ph^^ 

AS~EIN: 

10 Os of Potassium hydroxide peUets were placed in a crucible and heated 
with a few drcLrof water to ^ into apaste. l.Og of the dye was to added 

potash treatment exactly in the same way as descrtbed m A. 

3.10 chapter III. 
hli^ntirication of resJdue JLl 

It was identified and confirmed as the unreacted residual dye from its colour 
reacriom and melting point detennination with the authenW sample of the dye. 
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dihni o! r esidue U : 

It ws^ recrystallisai from acetone, it gives positive te^ for carlioxyl and 
chlorine groups and was identified aiKl confimned as 2-(5*-chl<Mro-2’-chloroincthyI 
benzoyl) tetrachloro benzoic acid by mixed metting point dbtermisMttkm ami 
superimposition of IR spectra with tiaat of the original sample. 

hL niiificiithm oi residue 111 : 

The purified residue nulled at 109-1 10 ® C. It pvc blue viol^ colmir with 
ferric chloride. It reduced Fehliag’s solution, ammonim^l silver nitrate and gave 
fluorescein test with phthalic anhydride. On the basis of diesc observation, it was 
confirmed to be resorcinol. 

Acetylation, bromination and caustic potash treatn^t of the dye are 
depicted in chart E chapter II. 



I{f:AZ()K ACID. 


The acid was prepared by carrymg out Fride^- Crafts reactkai between 
acenajphtiiene and tetra cfaloropItthaHc mtiiydride in presence of anhydrous 
aluminium chloride as catab'st Nitro benzene has been used as die solvent 
Starting from acenaphthene (15.5g, O.imole); tetrachloro phtitelic anhydride, 
(28.6g, O.imole) anhydrous aluminium chloride (27.0g 0.2mole) and lOOmi of 
nitro benzene, the yield of the acid obtained was 20.7g (47%). The crude acid was 
crystallised first from hot water and then recrytstallised from aqueous ethanol in 
the form of yellowish white crystalline solid, m.p. 260-262® C (decomp.). The acid 
is soluble in ethanol and hot water. 


Anal. For ; C20H10O3CI4 (Mol. Wt. 440) 


Found 


4 CENAPHTHOYU TETRA CHLOMO BENZOIC .iCI I) 


The acid (I.Og) was acetylated isolated and purified 
The brown sol^oured acetylated acid (0J3g) having m.p. 16 
chloroform, acetone , ethanol and in acdic acid. 


Anal. For : C2oH903Cl4( OCCH3) (Mol. Wt 482) 
Gale : C, 49.79; H, 1.86; Cl, 29.46; acetyl, 8.92 




Found 


; C, 49.62; H, 1.80; Cl, 29.32; acetyl, 8.86; 



Dye molecule 


B 4 2 3 - Acenaphthyl phenol tetr^hloro pathal-as.ein. 

r, = r,=R,=R5=H;R, = OH 

B 4 3 3 - Acenaphlhyl resorcinol te^loro paftial-as-<m. 

R2 = R 4 =R5 = H; Ri= Rs - OH 

B 44 3 -Aeenaphthyl catechol te^hloropathal-as.em. 

R 3 = Rv =R5 = H; Ri- R 2 - OH 
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3 Acen^l^ithyl hydroquincme tetnK;hl€Nrt> p^iai-»-eiii. 

Ra = R 3 =R5 = H; R,= 1^ = OH 

3 - Acenaphthyl pyrogallol tetracWoro pathal-as-«in 
R 4 = Rs = H; R, = R2= Rj = OH 

3 - Acenaphthyl phloroglucinol tetrachloro palhal-as-«in. 

R2 = R4 = H;Ri= R,= R5 = oH 

3 — Acenaphthyl diacetyl resorcinol tetrachoio pathal-as-ein. 

R 2 = R 4 = R5= H; R, = R3=0C0CH3 

3 — Acenaphthyl dibromo resorcinol tetrachoio pstfial-as-ein 
R5 = H;R, =R3 = H; Rj^ Ri^Br. 


It was prepared, isolated and jrarified exactly in the same manner as 
mentioned in the case of A.4.2 chaffer III, yield 50%. 


The crystalline brown dye has m.p. 249-251 C . It dissolves in ethanol 
giving hght brown colour, which turns into pink on additiem of a drop of alkali. In 
strong basic medium it gives pink colcair. 


Anal. For : C 26 H 14 O 3 CI 4 (Mol. Wt 516) 


Found 


4J PREPARATION OF 3- ACENAPflT/m RESORaNO l 


TETRACHLORO PHTHAL-AS-EIN 


The dye was prepared, isolated and purified as A. 4.3 chapter 111, yield 60%. 

The reddish brown crystalline dye having m.p.29 1-293® C, is soluble in 
ethanol, acetone, ether and acetic acid. It dissolve in ethanol giving yellow colour, 
which turns into yellowish green flurarescesice in nM)derate as well as in strong 
basic mediums. 


Anal. For : C 26 H 14 O 4 CI 4 (Mol. Wt. 532) 


Calc 


:C, 58.66; a 2.63; Cl, 26.69; 

Found : C, 58.48; H, 2.56 Cl, 26.52; 

chh mi n im u m imu 

/>///•//.! ' 

The dye was prepared isolated and purified similturly as described in the case 
of A.4.3 chapter III, yield 45%. 

The black amorphom dye, m.p. 260® C (decomp-), dissolves in ethanol 
giving blackish green colour in moderate as well as strong tnedium it shows 
blackish green colour. 

Anal. For : C 26 H 14 O 4 CI 4 (Mol. Wt. 532) 

Calc :C, 58.66; H, 2.63; Cl, 26.69; 

Found :C, 58.52; H, 2.61 Cl, 26.53; 

K.4.S PREPARATION Of 3-ACENAPHTHYI HYDROOL ISOM: 

TEritA CHLORO PHTHAL-AS-EIN: 

The dye was prepared, isolated and purified as A.4.3 chapter III, yield 50%. 

The reddish black, amorphous (fye has m.p. 144-146® C. It dissolves in 
ethanol giving red colour. It gives deep red colour Ix^ in moratede and strong 
basic mediums. 

Anal. For : C 26 H 14 O 4 CI 4 (Mol. Wt. 532) 

Calc ;C, 58.66; H, 2.63; Cl, 26.69; 

Found : C, 58.48; H, 2.57 Cl, 26.63; 

8.4. 6 PREPARA TION OF 3-ACENAPHTHVL PYROGA I LOL 
TETRACHLORO PHTHAL-AS-ErNj 

The dye was prepared, isolated and purified in the same manner as described 
in the case of A.4.3 chapter III, yield 54%. 
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The ciystalline dark brown, .fye haa m.p. > 300" C. Its ethanolie solution 
gives brown colour, which turns violet on adding a drop of alkali. With 2% caustic 

soda solution it shows violet colour. 

Anal. For : C 26 H 14 O 5 CI 4 (Mol. Wt 548) 

Calc : C, 56.93; H, 2.55; Cl, 25.91; 

Found : C, 56.79; H, 2.50 Cl, 25.80; 

K4. 7 /*/?/: /M/? i r/O V OF 3-ACENAPHTUVL PHH)R(H,H 1 1 \(H i 

nrmi c numo phthal-as-ein: j 

I 

The dye was prepared isolated purified exactly in die sanf« manner as 
mentioned in the case of A.4.3 chapter III. 

The daric brown, crystalline dye has, ni.p. >300® C. Its ettaaiolic solution is 
light brown coloured which becomes ii^finse on adding a drc^ of alkali. In strong 
basic medium it shows deep brown colour. 

Anal. For : C 26 H 14 O 5 CI 4 (Mol. Wt. 548) 

Calc : C, 56.93; H, 2.55; Cl, 25.91; 

Found ; C, 56.74; H, 2.49 Cl, 25.78; 

H. 4.8 ACErYHLAnON OF 3-ACENAPHTini RESORClM)l 
rETRACHlORO PHTHAIMS EiN 

(3-Acenaphdivl diacetvl resorcinol teiracMoro ptohal-as-ein) 

The dye, 3-acenaphlhyl resorcinol tetrachloro phthal-as-ein (l.Og) was 
acetylated, isolated exactyl in the sante way as A.4.8 chapter ill. 

The crude daric yellow coloured product was decolourised by treating with 
animal charcoal and was finally crystalloid from acetone, yield 65%. 

The light yellow coloured acetyl derivative, m.p. 245-247® C, dissolves in 
ethanol giving coloured solution. In alkalin e medium it shows pinkish green 
fluorescence. 


- 160 - 



C26H,204Cl4 (COCH3 h (Mol. Wt. 616) 

C, 50.66, H, 1.94; Cl, 23.05; Acetyl , 13.96. 
C, 50.48; H, 1.90; Cl, 22.%; Acetyl, 13.90 


Found 


lUJJ nR min WOS Ol S^ACESAPU THVt RESORi lSO! 

nrni \mi pro putii m-as.fis • 


( 3- Acenaphthyl dibromo resorci n ol tetrachloro Dhthal»a.s-«im\ 


Starting with 1 .Og of the dye, the preparation isoiatitm and puurification of its 
dibromo derivative, were earned out in a similar ir^nner as efesoibed in the case of 
A.4.9 chapter III. 


The black red ciystalline dye, m.p. 165® C (decomp.), is soluble in ethanol 
and acetic acid. It dissolves in ethanol giving yellowish orange colour, which 
shows reddish orange green fluorescence, on adding a drop of alkali. With 2% 
caustic soda solution it gives deep red colour. 

Anal. For : C26^n CI4 Br204 (Mol. Wt. 690) 

Calc :Br, 23.18; 

Found : Br, 23.06; 


CAUSTIC POTASH TREATMENT OF S-ACIMPilTHM. 


RESORCINOL TETRA CllLORO PH THA IMS-EIN: 


The dye (l.Og) was subjected to caustic potash fusion as in case of A.4.10 
chapter III as a result the following three residues were collected. 


Exammution of red coloured residue (I) 


It was idoQtified as the unreacted residual dye from its colour reactions and 
mixed melting point determination with the authentic sample of the dye. 


Examination of yellowish white residue [III 


It was purified by crystallization from aqueous ethanol. It gave positive test 
for carboxyl group and was confirmed to be 2-(3’“ acenaphthoyl) tetrachloro 
benzoic acid from mixed melting point detominatitMi. There was no depression in 
meting point when mixed with die authentic sample of the acid. 


I \ 



• I residue (Ilf} 


It was identified as resorcinol as in case of A.4. 10 chapter Ul. 

Acetylation, bromination and caustic potash fusion of the rescarcinol dye wre 
shown in chart G chapter II. 




Chmteri' 


tR OM 2-(2' 4 * mm: m m hi \ // h - ^ 


lUS/OK HII) 


COOK 


2-(2’ 4’ dimethyl beni:oyl)-3- nitr«ben/i>ic acid 


Cl PREPARATION OF 2-a*r DfMETHYI filCS/OYI) S!TRO HIS’/OIL 


The acid was prepared by canymg out Friedel Craffe reaction between m- 
xylene (dry AR 100ml.) and 3-nitro phthalic anhydride (20.0g, 0.1 mole) with 
anhydrous aluminium chloride (27.0g, 0.2mole) used m a catalyst. TTie reaction 
was carried out in one litfodhiee necked flask fitted with a mechanical stirrer and a 
condenser connected with a gas absorptitm tr^ aluminium chloride in installment. 
When the vigorous reaction subsided, the mixture was heated on a boiling water 
bath until the evaporation of hydrogen chloride ceased. 


The heavy daik coloured complex was decomposed by adding 30ml of 
concentrated hydrochloricacid (m250ml ice cold water). The excess of m-xylene 
was removed by distillation. The residue was extracted three four times with 
boiling 10% solution of NaaCOj and filtered. The acid was precipitated from the 
filtrate by the gradual addition of conc^trated hydrochloric acid. It was filtered 
off, washed well witib cold water, dried and crystallized from acetone. The white 
crystalline acid m.p. 127-129® C, yield 21.0g. It is soluble in ether, acetone and 
methanol. 


CieHijNOs (moLwt = 299) 





Calc. 



Found 


Phennolic compound 


Dye molecule 



C. 1 .2 (2, 4 dimethyl phenyl) phenol niiro phthal-as-ein 

Ri= R2 = R4 = R5= H, R3 =» OH; 

C. 1 .3 (2,4 dimethyl phenyl) lesorcinol nitro i^dial-as-ein 
R2=R4 = Rs = H,R,= R3 = OH; 

C. 1 .4 (2, 4 dime%l phenyl) catechol nitro jMial-iis-cin 
R3= R4 = Rs = H, R,= R2 = OH; 

C. 1 .5 (2, 4 dimethyl phenyl) hydroquinone nitro frfidtol-as<ein 
R2= R3 = Rs = H, Ri= R 4 = OH; 

C. 1 .6 (2, 4 dimethyl phenyl) pyrogaJIoI nitro phthal-as-ein 
R4 = Rs = H, Ri= R 2= R3 = OH; 

C. 1 .7 (2, 4 dimethyl phenyl) phlcwoglucinol nitro phthal^-^in 
R2 = R4 = H, Ri= R3= Rs = OH; 

C. 1.8 (2, 4 dimethyl phenyl) diacetyl resorcinol nitro phthal-as-«in 
R2=R4 = Rs = H, R,= R3 = OCOCH3 

C. 1.9 (2, 4 dimethyl phenyl) dihromo lesorcinol nitro phtihal-as-ein 
Rs” H, Ri = R3 = OH, R2== R4 = Br 


PHTHAL-AS-EIN : 


4 mMErilYL PUESVIl-PHEMil. MTRO 


The acid (1.5g) and pheiM>l (l.Og) were condensed in an oil bath in presence 
of 4-5 drops of concentrated sulphuric acid at 160-170°C fcwr about four and half 
hours till &e molten mass of the 0ask became brittle on cooling. The condensed 
mass was taken out from the flask and subjected to steam distillation to remove 
excess of phenol. The buff coloured tube solid mass left in the flask was powdered 
and extracted with 2% NaOH sohifion. It was filtered and the dye was precipitated 
from filtrate by the gradual addition of hydrochtoric acid with constant stirring. It 
was purified by repeated crystallizatian from rectified spirit and dried in a vacuinn 
desiccator, yield 1.2g. 


The purity of the dye was test^ by paper chromatography. 


WhatmmNo I 


465 - 



Calc. 


Found 


:C, 70.40; H,4.53; N,3.73; 
:C,70.19;H,4.50; N,3.68; 


PHTHAL-AS-EIN 


It was prepared by cxMid^ising an intimate mixture of die acid (3.0g) and 
resorcinol (3.0g) in the oil bath in jnesence of 4-5 drops of concentrated su^hunc 
acid at 150-160®C for about four ami half hours till the moken mass became hard 
and brittle on cooling. The condensed mass was crushed and washed with an 
excess of water to remove excess of lescwcinol It was extracted with 2% aqueous 
solution of caustic soda and filtered. The <fye was precipitated from reddish brown 
with green fluorescent filtrate by adding slowly dilute hydrochloric acid with 
constant stirring. The dye was purifbd crystallization from rectified spirit, dried 
in an oven at 80®C and diea m a vacuum tfcfriccator, yield 3.5g. 


Developing agent 
Reference dye 


1 % ^t^ous caustic soda 
Phenol|Athlein 


A 25- X 10-cm strip was taken ai^ a very dilute solution of the dye was 
spotted on the paper on a base line 4.0 cm from the end) with a micro synn^. 
Similarly, a dilute aqueous solution of the reference dye was also spotted on the 
base line about 3,0 cm from the ta spot TT« mobile alloJ^ to nm for 

thirteen hours. The paper was then taken out, (hied ai^i spny<xl. Cluomalognan of 

each dye gave only one correspomling TTiis conftrmed tlw homogeneity aiul 
purity of the dye. 

Found : Ri (phenolj^thathalein): 0.93 

■ Rf [(2, 4 dimethyl plu»yl) phenol {^dml-M-ein] : 0.95 

Reported : Rf (phenolphthalein): 0.92 

The brown coloured micro-ciystaUine dye m.p. 117-n8®C gives light 
yellow colour in ethanol which turns mto viokt on adkiing a drop of an alkali. 
It is soluble in benzene, acetone and ethanol. 


Anal. For 


: C22 Hi 7 NO5 (nmL wt. 375) 


Mobile phase 


Butanol satur^i^ witii anummia 



benzene, eAanoI me^I and acetic acid. Its ethanolic soliiiKm n brown which 

Ldr Zh ^ fluorescence on adding a drop of an athali ii. 

Strong basic medium, reddish brown colour is obtained. 

Anal. For ; C 22 H, 7 N 06 (Mol. Wt. 391) 

Calc. : C, 67.52; H, 4.35; N, 3.58; 

Found : C, 67.44; H, 4.32: N.3.56' 


riON _ _QE_i2,i-l}tMETH\l.-Pllh:SYI hi I I't.i HOI 

PHTHAL-ASH:I\ : 


The ^e was prejmed by h^tii^ a boraK^eneous mixtine of dhe acid (l.2g) 
and catechol (1.5g) in an oil baA at 120-130®C m prtscncc of 4-5 d«^ of 
concentrated sulphuric acid for about finir hcmrs. Tfc« isolation and purification of 
the dye were done as in the case of ( 2 , 4 duxelfayl piienyl) resorcinol nitro phthal- 
as-ein. Yield 1.5g. 


The dye is black in coltnir, m.p. above 360®C. Its ethanolic solution is brown 
in colour. It gives blackish brown colour on addition of alkali. It is soluble in 
acetone, ethanol and acetic acid. 


Anal. For : C 22 H 17 NO 6 (Mol. Wt 391) 


Found 


4 DIMETHYL PHEJSYL] HYDROOl I \0\E 


CL 5 PRERATION OF 
NITRO PHTHAl-AS-EIN: 


It was prepared by ccnuknsing a iKinrogeneous mixture of die acid (1.5g) 
and hydroquinone ( 1 . 2 g). intimate mixture was heated on oil bath at 160- 
170®C in presence of 4-5 drops of concentrated sulphuric acid for about four hours 
till the molten mass becanw hard and brittle on cooling. The isolation and 
purification of the dye were done as in die case of ( 2 , 4 dimethyl phenyl) resorcmol 
nitro phthal-as-ein, yield 1.5g.' 

The black coloured dye having ntp. 2 10®C, is soluble in chloroform, ethanol 
and methanol. Its alcoholic soludtm gives light brown colour that turns into dark 

brown on addition of an alkali. 



C 22 H 17 NO 6 (Mol. Wt 391) 
C, 67.52; H, 4.35; N, 3.58; 
C, 67.41; H, 4.30; N,3.56; 


Found 


C.l.h PREPAR m 
f/.-. iS-H/y 


The mixture ofacid(!.0g)andpyFogaifol(l.0g} wm l^ted in Ac oil baA m 
Ae presence of 4-5 Aops of ccHicentrated sulfAinic acid at 130-150 V for about 
four hours. The (fye was isolated and purified in a maiurr similar to the oAer dyes, 
yield l.Og. 

The black shining crystals having a m.p. above 360®C, is soluble m c^hEUiol, 
methanol and acetic acid. It dissolves m ^anol yiekhng light Ixiown colour which 
turns violet on addition of a Aop of an alkali. 


Anal. For : C 22 H, 7 N 07 (Mol. Wt. 407) 


Foimd 


17.j P/lUm(HiU ( l\()l 


NITRO PHTH A L-AS-EIN. 


It was prepared by condensmg a homogenous mixture of Ae acid ( I .Og) and 
phloroglucmol (1.2g). The mtimate mixture was heat^ on oil baA at 190-200 C 
for about four hours. The dye was isolated and purified m a manner similar to 
C. 1.3 dye chapter V, yield 1.29. 

The brownish red dye decomposed at 340**C gives brown colour wiA 
eAanol, which turns mto red mi adding a of an alkali. It is soluble m acetone, 
eAanol, meAanol and acetic acid. 


Found 



Ii f . A qjii \7 IRQ PHTHAL-AS-Em 


[Acetylation of (2,4 dime^l pliaiyl) resorciiml (Mial-as>ein) 

The dye (2,4 din^thyl phenyl) resorciiK>I nitro f^thal-as-cm ( 1 Og) md fitted 
sodium acetate (3.0g) with 15.0ml of finrahly distilled acetic anhyihriik were tAen 
in a sodium acetate (3.0g) with 15.0 ml of freshly distilled M^ctk mhyAi^ were 
taken in a 50 ml round bottomed fbsk fitted witfi an air coodimser. The contents 
refluxed at 130-140®C for about four hours. The hot contorts wto poiued slowly 
into a beaker containing a shish of kc and wto wMa <MXistant stirring. It was l^ 
overnight whereupon the Ugjit yellow «>Ud settle down. It was filtered, warfi^ 
well and dried. The crude product was tteafeed with animd charcml and 
crystallized from aqueous ethanol and a little acctk acid. It was dried in an oven at 
40*^0 and then over phosphorus pentoxide under reduced pr^stae, ykW 0,70g. 

The crystalline acetyl <kaivative is yellow colmirwl ami has a m.p. of 235- 
236°C. 

It is soluble in benzene, edier, dikwnoftMin and acetic acid. 

Anal. For : C 26 H 21 NO 8 or C22H,5N06 (COCEsh (Mol. Wt. 475) 

Calc. : C, 65.68; H, 4.42; Acetyl 18.11;N, 2.95; 

Found : C, 65.50; H, 4.40; Acetyl 18.07 ;N, 2.90; 

r l 0 RKOMII^4riON()F(2 , ^ niMF.TIIU PlirMI I HHSOR( l-^(>l- 

PHTHAL-AS~EJNi 

[(2.4 DIMETHYL PHENYL ) DIBROMO RESORCINOL PHTHAL-AS-EIN] 
The dve (2 4 dioKthyl phenyl> res<«tool-ph*al^<ta (1 Og) 

in glacial acetic acid was slowly added m the o ^ ^ - 

with air condenser and “Sled 

hour. The contents were cooled ^ ^nted 

water containmg acetic acio ana fihered. The filtrate gave 



Rcsidue-l 


It was identified and ccmfirmed to be the d 

reactions and detennination of toe mixed melting pomt wito the 


Rmidue U 


Residue III 


The purified sample melted at I - 

chloride. Fehhng’s 

with phthalic anhydride. On *e teK 

resorcinol. Acetylation, brcmmation and can. 

silown in chart A hi ch^tet 1 - 
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The dirty orange crystalline compound decompo^ JU 212®C. is soluble in 
benzene, ether, chloroform, acetone, and acetic acid. 


Anal. For : C 22 H 15 NO 6 Brj (Mol. Wt. 549) 
Calc. ;Br, 29.14 


Found 


: Br, 29.05 


/■II ( "AL'Sne PO TASH TREATMUM of i2,4.JliMldMll. J-Mi yM 
ti ^i)Rl!SOrsiTROPllTHAl-AM ^ 


Potassium hydroxide pellets (lO.Og) were taken in a crucible and heated with a few 
ater .0 rX a p^te. The dye (l.Og) ^ to ^ " 

wJe heated for about four hours till *e darkened colour of the dye tadM 
completely. After cooling, the contents were ditoted with 50 
filteL. The dark residue (1) settled down on !>«> ^ing 

filtered and washed weU wifl. wto The when ^ 

excess of dilute hydrochloric acid gave white piucipitate ( 11 ), ^ 

and washed with water. It was cryst^ jtf the 

vacuum desiccator. The filtrate was sh^en wito ctoer and on evapo 

excess of the solvent, a brownito red residue (III) was oNamed. 



Hi 

hMTROttESZim 4t m . 


COOCH 


CCX)H 


€.2 PREPARATION OF 2- 
MJRO liEISXOIC ACID 


HYDROW Hr \ /(fill 


The acid was prepared isolat^^canykg eat Friedel Crafts reactioii 

between methyl salicylate (dry AR 80ml), phthalic anhydride (20.0g, 

0. Imole) in presence of anhydrous aluminium chlcNfi^ (27.0g, 0.2mole) as the 
acid C. 1 chapter V. The acid was ciystallised from hcrt water in the form of white 
crystalline solid, m.pr^-^^ acetone, yfeld 15.0g. 


Found 


C.2.1 PREPARATION OF ACETYL DERVATIVEOF THE MJJl l 

The acetyl derivative of the a«ad was prepared and isolated by taking ( 1 -Og) 
acid, (3.5g) of fiised sodium acetate and 15ml of acetic anhydride in similar 
manner as acetyl derivative C.1.1 cha|rtCT V. The coloured acetyl derivated was 
treated with animfll charcoal till ^colourised and finally recrystalHsed from 
acetone. The yield 0.9g m.p. 115® C (Decomposed). It is soluble in acetone, 
chloroform and acetic acid- 



CaoHisNOlo or C,*H,NO, (COCH,)!i (iiiol.wl429) 


The dyes prepared from the acid amy be leprraoited by tlw! following 
general formula 


Phennoitc conijKHmd 


\cid (Lactol fomi) 


COOCCH 


Dye molecule 

C 2 2 (3-carbmethoxy 4-hydroxy phenyl) phenol nitro phthal as-ein. 

Ri = R2 = R4 = R5 = H;R3 = OH 

c 2 3 (3-caibmeflioxy 4-hydroxy phenyl) resorcinol nitro phthal-as-em. 

Ra = R4 = R5 = H;Ri = R3 = OH 

C 2 4 (S^arhmelhoxy 4-hydroxy phenyl) resorcinol nitro phthal-as^in. 

R,=R2 = 0H;R3=R4*R5“H 

c 2 5 (3-caibmedioxy 4-hydtoxy pheayl) bydroquumone nitro phthal-as-em 

R, = R5 = R5H;Ri = Rr = OH 



R, = R2 = R30H;R4 = R5«H 

C.2.7 4-hy(iroxy lAcnyl) jAioroi^uciiiol nitro phrtiai-as-€in, 

R,=R3 = R50H;R2 = R4 = h 

C.2.8 (3-carbmethoxy 4-hydroxy phenyl) diacetyi rescw^hiol nitro lAthal-as-cin. 

R2 = R4 = Rs H;Ri = Rj = OCOCHj 

C.2.9 (3-carbmethoxy 4-hy<froxy (rfienyi) dikomo resorcinol nko phthal-M-cin 

R5 = H;Ri = R30H;R2 = R,*Br 


PREPARATION OF L 


PHENOL PH THAL-AS-EIN 


The dye was prepare by crnidensing die acid (1 .5g) and phenol ( 1 .2g) in 
presence of few (4-5) drops of crnicentaated sulphuric acid. Tins heating wa.s 
carried out for four hours at 175-180® C, till brittle mass was obtained on cooling. 
Excess of phenol was removed by stemn disdUation. Tk mass left in the flask 
was powdered and extracted with 2% sodium hykoxidb solution. It was filtcrol 
and the dye was precipitate from coknued filtrate by tlw padual editicm of 
dilute hydrochloric acid with constant stirring. It was parifkxi by repeated 
crystallization from rectified spirit and dried in vacu u m desiccator, yield 1.3g. 
The purity of the dye was tested by paper chromatography as in case of C.1.2 
chapter V. 

The orange coloured dye has m.p. 135-136® C. Its elhanolic solution is 
brownish-red in colour, which turns into pmk on adding a kop of alkali. 


Found 







The red microcrystallinc dye having m.p. 190-192® C 
chloroform eAanol and methanol. 1 & ethanolic sc^itfion t 
green fluorescence and turns into yellowish orange with g 
adding a drop of alkali. In strong bask moliinn it i 
with green fluorescence. 


Anal. For. : C 22 H 15 NO 9 (mol. wt. 437) 
Calc. : C, 60.41; H, 3.43; N, 3.20; 

Found : C, 60.28; H, 3.41; N, 3.18 


C.2.4 PREPARATION OF (i-CARRl 
hnkC UO L MTRO PUTHAL-AS^mN 


The dye was prepared by conctensmg the acid ( 1 .5g) and catechol ( I .Og) in 
presence of cone. Sulphuric acid (5-6 dro|») at the temp. 140-150® C for four 
hours, till molten mass becomes hards brittle on cooling. The isolation and 
purification were done as in the case of C 1.3 chapter V, yield I .Og. 

The dye is black in colour, m.p. shove 360® C. Its ethanolic solution is 
brown in colour which turns into brownish black on adding adrop of alkali. 


Found 


The <fye was prepared by heating the homogeneous mixture of the acid 
(1.5g) and hydroquinone (l.Og) in an bath at the temp. 160-180® C for about four 
hours in presence of 5-6 drops of ccmceirtrated sii^iiric acid. The isolarion ai^ 
purification were done similarly as in the case of C. 1.3 chapter V, yield 1 .5g 

The black coloured dye decomp<»es above 300® C. Its ethanolic solution is 
(li ght brown) in colour.It gives brown colour on aAlition of alkali. It is soluble in 
ethanol, methanol and acetic acid. 

Anal. For. ; C 22 H 15 NO 9 (mol. wt. 437) 
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Found 




mi:ilAOl yiTRO PHTl{AI.4\.Fif^ 


It was prepared by canying oirt die condensation of homogeneous mixture 
of the acid ( 1 .5g) and pyrogaUol ( 1 .Og) in an oil b^ in pres^ of 5-6 drops of 
cone. Sulphuric acid at the tesnperature 140-150® C few about four hours. The 
isolation and purification were done as in case of C 1 .3 dinner V, yield I Og. 

The shining black crystal decompose diove 340® C. It is soluble in ethanol, 
methanol and acetic acid. Its dhanolic solution is tight red in colour, which tiums 
into violet on adding a drop of alkali. 


Anal. For. : C 22 H 15 NO 10 (mol. wt 453) 


Found 


2.7 PREPARATION OF O-CARRMETHOXY 4~H\’l)RO\Y PffPNYI 


An intimate mixtixre of die acki (1.5g) and |diloroi^iicinol (l.Og) was 
heated in an oil bath to make it homo^emis and then 6-7 drops of c<mic. 
Sulphuric acid were added and heating was continued for about four hours at 
180-200® C. The isolation and pmrifk^ticni of die dye were dine in a similar 
manner as described in th© c^e of (3-carbinethoxy 44iydroxy jdienyl) resorcinol 
nitro phthal-as-ein yield 1 . 2 g. 

The yellowish orange coloured dye has m.p. above 360® C. Its ethanolic 
solution is golden yellow in colour, which turns into reddish orange on addition 
of a drop of alkali. It is soluble in ethanol, metihanol, acetone and acetic acid. 


Found 



l(i-.M ^Rl i.\OL A/m/P//r# l4l-JV-rfv. ' '■ ■ 


[(4-acetoxy 3-carbiiie^oxy pbenyl) diacetyl resmctm>l nitro 

The dye (3-carbmethoxy 4-hydroxy piM^nyl) rescMTciimi phdiml -as -cm ( I Og) 
and fused sc^um acetate (3,0g) ami freshly distilled acetic anhydbride (ISml), 
were taken in a 50ml roiu^ bottcmi flask fhted with an air conckniser. The 
purification and crystallization were done in a similar manner as in case of C. I i 
chpater V. The acetylated compoimd was dried in m oven at 80^ C and tlrai over 
phosphorous penta-oxide under reduced pressure, yield 0.7g. 

The acetylated product h^t yelfow in colour m.p. 210-212® C, is soluble 
in ether, methanol, chloroform rad acetic acid. 


Anal. For. ; C 28 H 2 iNOj 2 C 22 H| 2 N 09 ( 0 C CHj )j (mol. wt 563) 
Calc. ; C, 59.68; H, 3.73; acetyl, 22.91; 

Found ; C, 59.46; H, 3.71; acetyl, 22.86; 


R ESORCINOL NITRO PHTHAL-AS-EIN 


[(3-bromo 5-caihmefhoxy 4-lty<froxy phenyl) (hlxromo resorcinol nitro phdiai-as- 
ein] 

The dye (3-carbmethoxy 4-hydroxy phenyl) resorcinol nitro phthai-as-ein 
(l.Og) was brominated, isolated and purified in a similar manner as in case of C. 
1 .9 chapter V yield 0.8g. 


The pale-orange coloured dye has m.p. 248-250® C. Its ethanolic solution is 
yellowish orange in colour. In modmte and ^rong basic medium it gives orange 
colour with green fluorescence. 


Anal. For. : C 22 Hi 2 Br 3 N 09 (mol. wt. 674) 


Found 


HYDROXY PHENYU RESORCINOL NITRO PHTHAt.-AS-EJK 



Caustic potash treatment of the resorcinol dye ( 1 Og) earned t«it in 
identical mannw as in the case of C.1.10 ch^plar V. As a result of fusion three 
residues were obtamed. 


■' >' L*[. ♦c'wWwr - / 


It was identified and confirmed as dw unraM:ted residual dye from its 
colour reactions and mixed melting point determination with tibe aiUtentk SMnple 
of the dye. 


Id eiiiifli'atiitn of residue - II 


It was recrystallised from acetone, m.p.tr^rA?c It mm acidic in nature and 
gave positive tests for carbmQ^l and pl^olic groufm. It was identified to 2-(3’- 
carbmetiioxy 4 ’-hydroxy benzoyl) 3 nitro benzoic acid and confirmed by mixed 
melting point determination and superimpositiofi of die IR spectra with the 
authentic sample. 


The purified sample melted at 109-110® C. It gave positive test with 
Fehling’s solution, ferric chloride, ammonical siIvct nitrate. It gave fluorMcein 
test with phthalic anhydride, on the basis of diese observations it was confirmed 
to be resorcinol. 


Acetylation, brominaticHi and caiBtic potash treatment of the dye arc 
shown in chart C chapter II. 



/ ) /L^ MM!} m 


U.MM.Mnj> i- 


NJTRO HESZOir 4/7/i 


COOH 


2-(5’-chloro-2’-chloromethyl benzoyl)-3- nitrobenTOk acid 


C3 PREPARA TION OF 

Aim o h "enioic a cm. 


The acid was prepared by carrymg out Friedel Crafts reaction between para 
chloroben 2 yl chloride and m-nitro phthalic anhydride and anhydrous AICIs . 
Starting with para chlorobenzylchloride (AR, dty lOOml), along with m-nitro 
phthalic anhydride (20.0g, O.lmofe) and anhydrous akminum chloritfc (27.0g, 
about 0.2 moles) used as a catafyst, the acid was prepared following the 
procedure outlined in C . 1 chapter V. 


The acid was isolated as shining white crystals, which had melting point of 
196-198° C. The crystalline solid was found to be soluble in rectified spirit and 
methanol, yield 15.0g. 

Anal. For : C 15 H 9 NCI 2 O 5 (mol. wt = 354) 

Calc. : C, 51.52; H. 2.78; N, 3.54; Cl, 17.93; acetyl. 10.86; 

Found : C, 51.40; H, 2.76; N, 3.52; Cl, 17.90; acetyl. 10.80; 

C.3J PREPARATION OF ACETYL DERIVATIVE OF THE AClJh 

l.Og of acid 3.0g of fused sodium acetate was refluxed with I5ml 0 ; 
fi-eshly distilled acetic anhydride at 130-140° C in the same way as in case of 2 
(5’-chloro-2’-chloromethyl benzoyl) boizoic acid ch^ter III. It was crystallised 


; 





from acetone in the form of a black crystailine solid, m.p. 240 ' V li is slightiv 
soluble in methanol but highly soluble in acetmie. YkU OMg. 

Anal : C17H, iNChOe or C,sH, NCljOs <OC.CH,) (m^. wt - 3%) 

Calc. : C, 51.52; H, 2.78; N, 3.54; Cl, 17.93; metyl 10 86; 

Found : C, 51.50; H,2.76; N, 3.52; Cl, 17.90; iKctyl 10 80; 

The dyes prepared fircwn die acid may be represenO^ by the following 


Phennobc compound 


Dye molecule 

DYES : 

C.3.2 (5-chloro-2-chloroinethyl jdienyl) phenol nitro phthal-as-ein 


C.3.3 (5-chloro-2-chloromethyI phenyl) resorcinol nitro phthal-as-ein 

R2 = R4 = R5 = H,1Ri=’R3*=OH 



C.3.4 (5-chloro-2-chlotoine%l ,*™y|) caechol mlro phthal-ts-cm 

R3 = R4 = Rs = H, R, = R2 = OH 

C.3.5 (5-chloro-2-chloroiwtiiyl phenyl) hycIroqtiiiiCHie niftno tMtaS'M'Chi 

R2 = R3 = R5 = H, R, = R4 = 0H 

C.3.6 (5-chloro-2"chloroiiKthyl f^^yl) pyrogallol nitro |^thai*as-«in: 

R4 = R5 = H, Ri=R2 = R3 = OH 


C.3.7 (5-chloro-2-chloronMthyl phenyl) phlmn^ucinol nitro |^thal-«s-«tn 


C.3.8 (5-chloro-2-chloromethyl f^nyl) dy»cetyl resofotnol nitro phtfial-€«”Cin 
R2 =R4 = R5 = H, R, = R3 = O.CO.CH, 


C.3.9 (5-chloro-2-cWoronKthyl phenyl) dibronK) resorcinol nitto phdial-M-ein 
R5=H,Ri = R3 = OH, R2 = R4 = Br 


C3.2 PREPARATION OF iS--i:iiim(h2^iliLORmiHmM. NU Wit 
PlIENOl JSITRO PHTHAL-AS-EIS : 


An intimate mixture of 2.0g of the acid and L5g of phenol was heated in a 
hard boiling tube to make it homogeneous. It was then condensed in an oil bath in 
presence of 3-4 drops of concentrated sulphuric acid at 160-175® C for about four 
and half hours when a brittie mass was obtained on cooling. Steam distillation 
was employed to remove excess of phenol {ffcscnt in tlw reactten mixture. The 
solid mass left in the flask was extracted witih a 2% solution of sodium 
hydroxide- It was filtered and the (fye was prwipitaled frcwn the coloured extract 
by the gradual addition of dilute hydrochloric acid with constant stirring. It was 
purified by repeated crystalli raticHi from rectified spirit and dried in vacuum in a 
desiccator, yield 1.20g. 

The light pink dye has a m.p. 222-224® C. The ethanolic solution of the 
dye is li^t brown in colour tiiat turns into violet colour on adding a drop of an 
alkah. 

The purity of the dye was tested as done in the ca^ of other phenol dyes 
described in earlier pages. 


; C2iHi3Na205 (mol. wt. 430) 
C, 58.60; H, 3.02; N, 3.26; Cl, 16.51; 





f I i ^ I 


PRf. PA RAION OF iS-iliL0 mt-2^ilJlimniI fll ) I ^ ^ ‘ 


C'..ii 

M l-SijKi PllTHAl-AS-tlS 


Found ; 55.37; tt, z.w; w, i, 'w.i, 

r ? 4 prepar ation of (SA MMBihMJiMIMiMIi 

-fT^^rooL N fTRn PHTHAL-AS-EINi 

It wss prepared by tib® condensation of l.Og of ^ 
catechol little excess Aan die molecular pw^^n^an oi 
5-6 drops of concentrated sulphunc a^5-125 L t^ 
hours. It was isolated and purified as described for C 1 .3 chaj 

The black crystaUine dye having a m.p. 315-317® C, it 
giving a brown colour whh an alkah and reddish brown c 

solution. 

Anal. For. ; CaiHnNChO^ (mol. wt. 446) 

' C, 56.50; H, 2.91; N, 3.14; Cl, 15.92; 

Found ■■ C, 56.27; H, 2.90; N, 3.12; Cl, 15.79; 


HVnROOUINONMM 


-Itl- 




1 .5g of the acid and 1 Og of hydroqniiwie wcfe mixed to form an mtiniate 
and homogeneous mixture and treated hi an oil 160>lg0^C for three horn in 
presence of a few drop of ^cenbr^i^ sui{iiiinc mid. The ifolation and 
purification of the dye was carried oirt in a manner simile to the one aibpted for 
C . 1 -3 chapter V, yield 1 .Og. 

The blackish brown dye, having m.p. above 320-321® C’ is soluble m 
ethanol giving a brown colour diat turns into rwkhsh brown c«i foe addition of 2% 
caustic solution. 


C 21 H 13 NCI 2 O 6 (mol wt. 446) 

C, 56.50; H,2.91; N, 3.14; Cl, 15.92 


Found 


PYROGALIOL NITRO PHTHAIMS-EIN 


The intimate and homograiizied mixture of i.5g of tlm «:hJ and l.Og of 
pyrogallol was contused toged^ in {»mnce of a few drq|[» of ctmcentnrted 
sulphuric acid on an oil bath at 190-200® C for about three hours. The proewiure 
adopted for isolation and purificarion of tlw dye was similm to the one adopted 
for C 1 .3 chapter V yield O.SOg. 

The black coloured tfye having noLp. above 340-342® C gives an ethanolic 
solution reddish brown in colom winch on adding a drop of im alkali darkens in 
shade. 


CjiHisNCbOr (iiMil wt. 462) 


Foimd 


J ^ « w*n« fe<* cotourdi 

solutim m ethanol tha tinns led on acWnig a drop of an allah. It gives wine 
red colour with alcoholic potash solutkm. 

Anal. For. : C21H13NCI2O7 (nK>]. vrt. 462) 

Calc. : C, 54.55; H, 2.81; N, 3.03; Cl. 15.37; 

Found : C, 54.40; H, 2.78; N. 3.00; Cl. 15.28; 

— dCEJYiA TION OF PRO MU I Hi I Piit % i /J 

RESORCINOL NITMO PHTHAl^AS^EIN 

/(5~( IILOME2~C IILOROMETHYL PH ENYEl DI U Eiri Rf SORil\Oi 
Ml RO PH THAL-AS-E/N : 

l.Og of the 5-chIoro-2-chioroinethyl phenyl resiMrchioi nitro phlhal-as-«in 
dye, 3.0g of fused sodium acetate aerf 15ml of reshly distilled acetic anhydride 
were taken in a 50inl round bottom flask fitted with an air cxnideiiser ami refluxed 
for about three hours. The isolation aiMi purif^atioa of acetylMed product was 
carried out in exactly the same maimer as m the case of C 1.8 chapter V, yield 
0.7g. 

The buff coloured diacetyl derivative (m.p. 272-274® C) is soluble in 
acetone, methanol and chiOTofiMm. 


Anal. For. 

Calc. 

Found 


: CssHnNCbOs orCziHuNCbO^ (OC.CH3)2 (mol. wt. 530) 
: C, 56.60; H, 3.21; N, 2.64; Cl, 13.40; acetyl, 16.23; 

: C, 56.48; H, 3.18; N, 2.58; Cl, 13.32; acetyl, 16. 16; 


CJ.9 BROMINATION OF (S^CHWRO-I-CHLOROMETHYL PH E NYU 
RESORCINOL NITRO PHTHAL-AS-EIN: 

I(5~CHL0R0~2-CHL0R0METHYL PHENYL) DIHROMO RESORaNOL 
NITRO PHTHAL-AS-EIN I 

The l.Og of the dye (5-cWoso-2-€Mofoiiiethyl phenyl) resorcinol nitro 
phthal-as-ein was dissolved in minimum quantity of glacial acetic acid. 10 ml of 
10% solution of bromine in glacial ackl was gradually added in the solution of 
the dye. The flask was fitted with an air conden^ and die contents were refluxed 





ai V, lui an nour. lUc contents were cooted mi diluted with 

minimum quanSty of djfflaed water. A blackish K»e powder settled down It was 

filtered and wash^ with contaming acetic acid and finally with hoi water 
for the removal of excess of bromine. It was dissolved in aoueous oautic soda 
and filtered. The filtrate gave the hromo derivative of die dye^ gradual adlitum 
of dilute hydrochloric acid. The mate l^crnio derivativcTf the ^ was finally 
purified with aqueous ethanol mid dried at 110^ C in an oven then in a vacuum 
desiccator, yield 0.90g. 

The yellowish orange colored ciystalUne dye having m.p. 178-lgO" C is 
soluble in ethanol yielding a yelbwish red cobta dmt ftims mto orange with 
green fluorescence on adding a drt^ of an aUuiU. In strong alkaliiMs medium, it 
exhibits deep red colour. 


Found 


CJ.IO CAUSTIC POTASH TREA TMENT OF (5-( 111 ORO 


lO.Og of potassium hydroxide pellets were placed in a crucible and heated 
with a few drops of water to turn Aem into a paste. l.Og of the dye was then 
added to carry out the caustic potash treatment exactly in the same way as 
described in C 1.10 chapter V. 


Idenlificalion of residue / 


It was identified and confirmed as the unreacftxi residual dye from its 
colour reactions and melting point (totserminatimi with the authentic sample of the 
dye. 


Jdenlificatkm of residue II 


It was recrystallised fiem acetoi^. It gives tests for carboxyl group and 
chloride groups and was identified and cmifiinned as 2-(5’-chlOTO-2’- 
chloromethyl benzoyl) 3-nitro braizoic acid by mixed melting point determination 
and supeiimposition of IR spectra <m that of ihe original ^mple. 



The purified residue mehed at 1 W-llO® C. It ^ve blue violet colour with 
ferric chloride. It reduced Fehling’s solutioft, lunmoniacal silver nilratc and gave 
fluorescence test with phthalk anhydride. On die Imis of these observ ations, it 
was confirmed to be resorcinol. 


Acetylation, bromination and caustk potash treannent of the dye 
depicted in chart E chapter II. 



HAPTEM^S 




COOH 


The acid was prepared carrying out Frie<ki-C!rafis between 

acenaphthene andAnitro phthalic anhydrute in piesaice of an%dro«iis alummium 
chloride as catalyst and nitro benzene was used as soivmt The fuei^atitH} and 
isolation of acid were carried out as in case of (C.l chapter V). The acki was 
crystallized from aqueous edianol in the form of white needle tmving m.p. 208- 
210°C.The acid is soluble in ethanol, ether, ddmoform, arul sfwingly soluble in 
benzene and insoluble in carbondisul jAicte. 


CaHisNOs (molecular weight 347) 


Found 


C4.L PREPARATION OF ACETYL DERIVATIVE OF THEAVUl 


The acetyl derivative of the acid (l.Og) was preparwi and purified in a similar 
way as the acetyl derivative C.1.1 chapter V, yield 0.70g, m.p 180-182^C. It is soluble 
in chloroform, acetone, edianol and acetic acid. 

Anal, for C2oHi2N05(COCH3) (motecular weight 389) 


Found 



The dye prepared fiwn Ae aeid may be represenied by the folk.. 


formula 


Phetiolrc comound 


Dye molecule 


C.4.2 3-Acenaph1iiyl phenol nitro phthal-as-ein 

Ri=R2=R4=R5=H ; R3=0H 


3-Acenaphthyl resorcinol nitto phthal-as-ein 

R2=R4=R5=H;Ri=R3=OH 


C.4.4 3-Acenaphfhyl catechol nitro phthal-as-ein 

R3=R4 =R5=H , Ri= R2=0H 


C.4.5 3-Acenaphthyl hydroquinone nityo phftual-as-cin 

]^2=r3 =^R5=H ; Ri=t R4=0H . 






C.4.6 3-AcenaphthyI pyrogallol nitro phthal-as-m * 
R4=R5=H ; R,= R2= R3=0H 

C.4.7 3-Acenaphtfiyl phloroglucinol nitro phtibai-as-ein : 

R2=R4=H ; Ri= R3= R5=0H 

C. 4.8 3-Acenaphthyl diacetyi resorcinol nitro phthal-as-cm 
R2=R4= R5=H ; Ri= R3= RsOCOCH. 


C.4.9 3-Acenaphthyi dibromo resorcinol phthal-as-cin 

R5~H ; R2= R4=Br; Rt=R3==OH 


SOL MTRO /»///'// I 


The dye was prepared by conning tbc acid (3.0g) and phenol (l .Sg) in 
presence of 5-6 drops of amcentrated sul^hiiric acid. The heatmg was cmrasd out for 
eight hours at 150-165®C, till brittle mass on cooling was obtained. Excess of phenol 
was removed by steam distillation. Tlws isol^on and purification of die dye were done 
in the same manner as described in case of odiw phenol phthal-a$-ein, yield 1 . 6 g. 

The grey coloured dye mp 1 15-1 17®C gives light yellow coinin' hi ethanol which 
turns into pink on adding a drop of alkali. With strong alkali it gives pinkbh r«i colour. 


C 26 H 17 NO 5 (molecular weight 423) 


Found 


LWL SI I RQ P/I THAI 


The <fye was prepared by condensing the acid (3.0g) and resorcinol (3,0g) by 
using 6-8 drops of ctmeentrated sulphwic acid as coii<fcansing agent. Heating was 
continued for four hours at 140-150®C , till Wttle mass was obtained on cooling. The 
isolation and purification of the dye were doire in the same manner as in case of other 
resorcinol dyes, yield 2 . 5g. 

Red coloured micro crystalline dye has, m.p. 315-317®C. Its ethanoUc solution is 
yellow in colour which turns into yelk>wish inrange with green fluore^nce on addition 
of a drop of In strong basic medhrai it gives yellowidi orange colour with 

intensified green fluorescmie. 




(molecular weigte 439) 


Found 


The dye was prepared by taking the acid (l.5g) and catechol I Og and 5-6 drops 
of cone. H2SO4 exactly with the same manner as C 1.4 chapter V. The isolation and 
purification were also done in identical mann«r, yieW 0.8g. 

Dark brown coloured dye has m.p >300®C. Its (^hanolic solution is brown in 
colour which turns into blui^ green on addition of alkali. 


C26H17NO6 (mola:ular weight 439) 


Found 


C4J PR f: PA RATION 


mmooiiNosn nttro 


PHTHAL-M-EIN 


The dye was prepared, isolated & puri&d exactly as C.4.3 by taking approximate 
quantity of acid and hydroquinone, yield 50%. 

The dark brown powdery dye has m.p. 202-204°C. ite cthanolic solution is 
brownish red in colour which turns into purple 00 additirxi of alkali. 


C26H17NO6 (molecular weight 439) 


Found 


RO PH THAI 


The dye was prepared isolated and purified hy taking pyrogallol (1 .5g) and acid 

( 1 .Og) in a similar manner as C.43, Yield (0.8g) 



The shinning black, dye has ni.p 215-2!7®C. Its ethaaiol 
brown which becomes violet on adding a dit^ of alkali. In m 
shows blue-black colour. 


C 26 H 17 NO 7 (molecular wei^t 455 ) 
C, 68.57; H,3.74; N,3.08; 


The dye was prepared, isolated and [Hirifiied by a similar method as C.4.3. Yield 
0 . 9 g.The li^t brown coloured dye has m.p 240®C ((tecomp.) . It gives light kown 
colour with ethanol, which becomes dark brown <mi adding a drqp of alkali. In strong 
basic medium it gives dark brown colour. 


C 26 H 17 NO 7 (molecular wei^t 455) 


Found 


C4.H ACETYLA TlOSOf 


[lacetvl resorcmol mtro 


The dye 3 -acenaphthyl resOTcinol nitro phtfaal-as-ein was acetylated m a smulai 
manner as C.1.8. The crude yellowish white product was treated with animal chmcm. 
Sc crystallized from aqueous ethanol in presence of 2, 3 drops of acetic acid. Yield 60% 

The acetylated product is yellowish vdiite, amaqAcus in nature, m.p 146-148 C 

It is soluble in ethanol, ketone and acetic acid. 

Anal, for : C26Hi5N06(COCH3)2 (molecular weight 523) 


Found 



The dibromo derivative of the dye (3-aceiiapthayl resorciiK)! nkro phthai-'as-ein ) 
was prepared, purified and crystallized in a similar manner as describe in the case of 
C. 1 -9 chapter V, yield 60%. 


i :4. Id £ 1 f STIC POTASH TREATMENT Of (3-AVENAFim/YlJ MESOHClSOL 
MTRO P/IJHAl-.iS-El\: 


The dye was subjected to caustic potash treatment in a similar manner as C. 1 .10 
chapterV. The following three residues were obtained. 


Residue 1: 


It was identified to be the unreacted residual dye from its colour reactions 
confirmed by mixed melting point determination. 


Residue II: 


The yellowish white compound, m.p208-2 10®C , gave the usual test of a carboxyl 
group and was identified as 2 (3’ acenaphthoyl ) 3-nitro benzoic acid & was contoed 
by mixed melting point determination and superimposition of IR spectra widi tihe 

authentic sample. 


Residue III: 


The brownish red residue was {Hirified & was identified to be resorcinol from its 
colour reactions & confirmed by mixed making point detennination with the authentic 

sample. 

Bromination , acetylation & caustic potash fiision of the dye was shown m 
G chapter II. 


The brick red microciystalline ^e has m.p 130-132 ®C Its dhanolic solutitm is 
yellow in colour which turns into yellowish orange with green fluorescence on adding a 
drop of alkah. In strong basic medium it gives deep red cobur 


Anal. For 


; C26Hi5Br2N06 (molecular wei^t 597) 


Calc. 


: Br, 26.80; 


Found 


Br, 26.65 




H W S 1)1 Rl\ /:/> I R()\f B -gj- mSiHliM Kt s/m ^ ' ■ 

.mil): 


0-CHr< lir< CM>ll 


/ > / PrvmmitUm of P -(2J-dimeih\'lMnm 'lJ PmlmkMm. 

The acid was prepared by carrying out Frieded-Crafts reacticm 
metaxylene (dry AR SOml) and 

oresence of anhydrous alummium chloride (27 .Og abmit 0.2 ^le) y 

was isolated as the aeid A.lch.pter 111 yield vm I6.0g. It ^ 

cold water, dried and cryahdliaed ftom 

of the acid 01.0. 101-103" C are soluble in benzene, ether, aceto 


Found 


n ; 1 PRFPAR4TION Ot 

T310 M2, 4-din.ethyl benzoyl) po^^ic 
*e acetyl derivative was isolated andpunfied etMctly m an ulentical m 

1 . 1 chapter III yield 0.65g. 

The yeUowish brown acetylated product has ni.p. 94-96“C. It is soluble in 

alcohol, chloroform and acetic acid. 

Anal. For. : C.iH.sO^ or C..H,30, (COCH,) (mol wt. 284) 

Calc. ■■ C, 67.74; H, 6 45; acetyl. 17.34; 

Found ;C, 67.54; H, 6.41; acetyl. 17.28; 

- 192 - 



The dyes prepared from the acW 


structure 


Phainoiic ajmpouitd 


Dye molecule 


D. 1.2 (2, 4-dimethyl phenyl) phenol succin-as-ein 

Ri = R 2 = R 4 = R 5 = H, R 3 = OH 


D. 1 .3 (2, 4-dimethyl phenyl) resorcinol succin-as-ein, 
R2 = R4 = R5 = H, R,=R3 = 0H 


D. 1.4 (2, 4-dimethyl phenyl) cateclml succin-as-ein 

Rj = R 4 = Rs = H, R} = Ra = OH 


D.1.5 (2, 4-dimethyI phenyl) hydroquinone succin-as-ein 

R2 = R3 = R5 = H, Rt = R4=OH 


D. 1.6 (2, 4-dime1hyi phenyl) pyrogallol succin-as-ein. 

R4=R5 = H, Ri=R2=R3 = OH 



D 1.7 (2, 4-dimethyl phenyl) phloroluemol MK*iii-«s-ciii 

R2 = R4 = H, R,=R3 = R5 = 0H 


D.1.8 (2, 4-dimetiayl phenyl) diacetyl rcsorcnml succin-ts-em 
R2=R4 = R5 = H, R, = Rj = O.COCHj 


D.1.9 (2, 4-dimetfiyl phenyl) dibromo reswcifiol succui-as-ein 
R5 = H,R2 = R4 = Br; Ri = Rj*OH 

1 ) L2 PHI P ill t rios OF (2, 4-DiM¥.TnM ^l]j±yLl / 


The dye was prepared by amdensing the horoo^aieous mixti^ o ^ _ 

(2 Og) and phenol (1.5g) at 160.170®C fi* Ibm horn in presence 
conrsulpteic acid. The isolatioD and purification was earned out in the same 

way as A 1.2 chapter Hi, yibld 

The dark brown dye having m.p. diswlve in eflumol giving 

yellow colour, which turns into brown m adding a drop of aUtali. 

Anal. For. iCisHisOs (mol. wt. 282) 

. 

Calc. :C, 76.60; H, 6.38; 

Found • 76.39; H, 6.34, 

n / ? pRE PA RATIOS - 

Kr,('(lN-AS-ElSA 

T a-rwn«rptl bv carrying out die condensation of the acid (3 Og) ^ 

It was prepared ^ in presence of 5-6 

manner as A. 1.3 chapter 111. 

The yellowish brown dye 

a„.i For : CisHirOr (mol wl 298) 



Found 


:C, 72.30; H, 6.01; 



It was prepared by beatinig indmafte mixtoire of die acid ( I 5g> 
catechol (l.Og) in an oil bath at 120-130®C in presence of cone Sulphuric acid 4- 
6 drops for about three hours. The isolation and purifiattion were deme in a 
similar manner as in case of A. 1 .3 chapter III, yield O.Sg. 

The black coloured dye, m.p above 360®C, giv^ light htumn colour will 
ethanol which darkness on sulding a drop of alkali. 


Found 


II , PKEPARATION OF (2,4 niUFTHYl PIlKyyiljrmiMJ.^!^^ 
VIH(I\-AS-EIN: 

The fixture of flic ^ 

Sulphiuric acid, was heated m a od halh at 160-180 C, ^ ^ 

ho^“ he isolation and purification of to we« c»ned out m a same 

manner as in the case of A.1 .3 chai^ IH, yield 1 .2g. 

The black dye having m-p. 240“C gives light brown colour in 
which daikenes on addition of alkali. 

Anal. For. : CisHisO, (mol. wt 298) 

Talc. :C, 72.48; H, 6.04; 

C, 72.29; H, 6.01; 

'2j muETim. 


Foxmd 


n / h PREPARAT ia 
iiiirflN-AS-ElNA 


n mfadnre of mrid (» 0g) 

» of cone. Sulphuric acid at 160-180 C o 

of die dye were done as m case ot A. . 


The condensahem or me ibiidm 
carried out in presence of 4-8 ^ 
hours. Isolation and piiriffcatM® 



The black coloured dye m.p. ^vc 36(fC, is soluble in acetone, ethanol 
methanol and acetic ^id. Its edianolk soluttcvi is oriimon which gives dark rcc 
colour adding a drop of albili. 


Found 


II /. 7 . PR t: PA RATION OF i2J 01 Ml m U . » • rL ' ' , ' *' 

Pill OROOU riNOI. SL'CCIN-AS^l-J S: 

The dye was prepared isobted and purifii^ identically as described in tte 
case of A. 1.3 chapter III. Acid (1.5g) phlocoghicinol (l.5g) and 4-8 ch^s ot 
conc.sulphuric acid were heated at 190-200®C for about fotn hours, yield 1 .5g. 

i»ft®r i« enliihle in ^^etone. ethanol. 


CigHigOs (mol. wt. 314) 


Found 


[(? 4-dinielhvl ptot y l^ diacetvl resOTCWi 

dye (2,4-dimethyl phenyl) rraorcinol succin 
isolated and purified idsnticaily in a similar man 


(l.Og) was 
A. 1.8 chapter 


^.ylated bro*. produo. having m.p. 320-322»C, ia soluble in 

er, acetone, nKdiasml »td chkwofonn. 

; C 22 H 22 O 6 c»-Ci8Hi 604 (OC.CH3)(Molwt. 382) 

• C. 69.11; H, 5.76; »:ety, 22.51; 



Found 


! 1 liHOMIMTION OF 

IVvi.V./'/A ; 


[(2,4-diinelhyl phenyl) dibroiiK» res€irctiM>l siMxni-as*etn] 

The dye (2,4-dinicthyl phenyl) resofcniol »Kxin-as"«in (lOg) 
brominated and the prodw:t was extm^ol ami ptirifM^ in the similai w.iv vi- 
described in the brominaticMi of A. 1.9 cimpter III, yield 0.8 5 g. 

The dark brown dye, in.p. 150“l5l‘*C, is soluble in beniwic, ^ter, acetone, 
methanol and chlorofonn. 

Anal. For. ;Ci 8 Hi 6 Br 204 (inol.wt.456) 

Calc. : Br, 35.09; Fcaiiid : Br, 35. 00; 

nil a CAL STIC POTASH TRL'AmiiST 
RFS()Ra}lOLSULaiS-AS~EIiy: 

Potash hydroxide fiiskm of die dye (l.Og) was carried out in a similar 
manner as in case of A.1.10 chapter 111. Following dircc residues obtained as 


It was foimd to be acidic, m-p. 
acid and was ideirtified to be (2 
confirmed by mixed melting point 
spectra with the authentic sample. 

fdentification of Resi du e Jil l 

The compound, m.p 110^’C ga 

responded fhioresc^ie test wiA 

and ToUen’s reagent The melting po®* 
with the authentic sample of resmcmol. It 

The acetylation, bromination 
dye are given in chart B, chapter ll. 


viol^ blue colour with ferric chlof^e ^ 
anhydride. It reduced FeWing’s sotatiM 
didnT show any depression when mixed 
wf® infenred to be resorcinol. 

and caustic potash fusion of the resorcmol 



i nks IHRfMl) fftOM 
PRiinoMc \( ii) 


<kx:h 


ill 4 i 

The acid was prepared and isolated ni the sme maiinar as the preparation of 
other ^-keto acids by carrying out Frierfel Craft reaction reactkm betwi^ methyl 
salicylate ( dry AR, SOml) and siKxinic anhydri^ (lO.Og, about 0.1 mote) in 
presence of aiAydrous aluminum chimidb (27.0g, 0.2 nmte) as the catalyst. 

The crude acid was washed well with cold water, dried and cryt^lized from 
benzene/petroleum, ether, melting point .yield IS.Og. 

The white crystalline acid is soluble in etiier, benzene, chloroform, acetone, 
methanol and acetic acid. 


armethox 


Ci2Hi 206 (mol. wt. 252) 


Found 


I). 2. 1 PREPARA TiOIS OF THE A CETYL DERIVA Til E 01 THE HID 


One gram of the acid and three grams of fiised sodium acetate were refluxed 
with 15ml of freshly distilled acetic anhydri^ at 130-140®C for three and half 
hours. The hot contents were poinred in a breaker ctmtaining ice cold water with 
constant stirring. The acetyl derivative settled down in the form of blackish brown 
solid mass The coloured acetyl <terivative was dissolved in acetone and treated 
with animal charcoal. It was filtered while hot It was finally crystallized from 
acetone, yield 0.60g, oi.p>360®C. It is soluble in acetcme, ethanol and ^:etic acid 


C14H14O7 orCiifliiOsCCOCHsXinol. wt. 294) 



Found 


The dyes derived from the acid 
general formula: 


can be convoiiontly rcfimffilml % die following 


Phcnnolic wmpound 


COOCW 


Dye molecule 


D.2.2 (3-caihmethoxy 4-hydroxy) phenol succio-as-ein 

Ri=R2 = R4 = R5 = H,R3 = OH 


D.2.3 (3-carbmethoxy 4-hy*-oxy) resorcinol succin-as-ein. 

R2 = Rt = R5 = H, Ri = R3 = OH 

D.2.4 (3-carbmelhoxy 4-hydroxy) catechol succin-as-ein. 

R3 = R4 = R5 = H, Ri==R2 = OH 

D.2.5 (3-carbmethoxy 4-hydroxy) hydroquinone succin-as-ein 

R2 = R3 = R5 = H, Ri = R4=OH 



D 2 6 (3-cart)nK:flioxy 4-liydrojqf) pyrogalbl paecb>as>em 
R, = R5 = H, R,=R2 = R5»0H 


D.2.7 (3-carbraetiioxy 4-hy^xy) pbloroluciiml 8iicciii-«»-«» 

R2 = R4 = H, Ri = Rj = R5 * OH 

D 2.8 (3-carbmethoxy 4-hydbroxy) diacetyl rotorciiiol fuccin-as-cjn 

R2 =R 4 = Rs = H, Ri = R3 = O.COCHi 

D 2.9 (3-caibn»etiioxy 4^ydroxy) dibcomo re^occinol succin-as-ein. 

R5 = H,Ri = R3 = OH; R2 = R4»Br 

Ki:7 4-HlPlHyM- 


ZJ l*RtPARA TION OF i3-€A Sj:iM£ 
’f77.\-AS-i:iS: 


An intimate mixture of 1.5g of the tend ited » .0g ot pheno.tw« — 

*an molecular propmlion) as taken inal^ boding tube 

to make the contents homog,^. « ^ *e molten mass i 

added and heating was contmned at 160-170 C t« m iwnrs uii u 

the tube becomes brittle on cooling. The condensed mass was taken ^ 

"d subjected to steam distillation te 

brownish black mass left in ^ i 

of sodium hydroxide. It was filt^ hjdiodiloric acid wi 

coloured was purified by the gradual additioo “f spirit a 

o^^tant stirring. It was pmifi«l ‘>f 
dried in vacuum desiccator , yield 1 .8g, m.p 102- 103 C. 

The blackish bmwn dye is soluble m eftmnol. :S^Cfd^p 

The ethanohc solution is almost i^llowish brown m colour an 

an alkali, it becomes pinkish red in colour. 

The purity of the dye was tested by paper chromatography adopting 
techniaue as in other phenolic phtdil-astems. 



an oil bath at 130°C to makeitlioiiiogeiicoim. 64 4ro|»of c«iic«rtwie^ | 

acid were added and ^irre^ iwU. The heating was continued it ISb-Hb ( for | 

about four hours till the melt becaiiK luffd and hrittk m cooling The condense | 

mass was crushed and waited well whh to remove of resotcmol H 

was extracted with 2% solution of aquitous ontshc soda sohitMm imd filtered the 
dye was precipitated as a red(hsh brown solid from tlw filtrme by ^mg j 

dilute hydrochloric acid wito constant stifTBig. The dye was piuificd y 
crystallization from rectified spirit, dried in an oven at 80® C aul ttei « ® 
desiccator, yield 2.5g. The reddish orange crystrilinc dye has a 86-88 T 

ethanolic solution is light red in cotour that on addition of a of an 
changes into yellowish orao^ wiA gtwi flitorest^u*. The giwi uores 
darkens on addition of a 2% solutkin of causfic soik. 

Anal. For : CnEifh (molwt. 344) 

; C, 62.79; H, 4,65; 

Found • 62.68; H, 4.63; 

1)2 4 PIIPP4K4TIO XI OF 

T^K HIH VI cns-AS-Eis 

An intimatt mixture of Ite acid d-Sg) 

oil bath at 100“C to make ■* coiitin»d°at I45-nO“C for three hour 

were added and stirred weU. Heat^ isotaL and purification wa 

rill a hard brittle mass was obtained on coolmg. The isolanon an p 

done as in the case of D.2.3 yield l.Og. 

The dye is daik brown crystalline h rivll blwk 

I, kL™, m coknn. With 2% oaustie soda solurion, tt gives Diae 


was heated 


Anintimatfi 



on an oil bath in presence of64 drops ofc»«iceiitrMedi^l{Wic acid 

for four hours. The isolaticm and ill® ptiriUcidcm of die dye were carrwd out »« 

manner similar to that described in sectkxi D.2.3, ywW 1 .2g 

The black shining dye has a in.p. 242-244®C. The cdumolic solulum is 
brown which turns into Innwiiish red ttotour on addthm of a iht^ of an alkali 


C,8H,607(mol.wt.344) 


Found :C, 62.68; H, 4.63; 

p 7 PREPARATION OF , 

l^RiHii/JJfLSUCaN-AS^Emi I 

The condensation of an intimate rnkture of die acid ( 1 .5g)^ 

fl On) was carried out by heating the mkhirewidi 6-8 drops wiA j 

ilaphuTacid in an oil tafl, « 160-18(»»C fo, .boul four h<n« »« » > 

was obtained on cooling. The isolation and pwificalion were done as in the 

D.2.3 section, yield 1.0g. 

The dye is black and crystalline in nature, 
solution is blackish brown whtoh gives black cokw cm acMition o P 

alkali. 

Anal. For : CigHwOg (molwt. 360) 

Calc. :C, 60.00; H, 4.44; 

Found ;C, 59.86; H, 4.40; 

s-ir /I /'ABRMFTHOXY d~ .HYl)R(i\ 

J) 7 7 preparation — — 

Pfft nmUiltJCINOL S VC CWrA S M Ill 

The acid (1.5g) and aci< 

purification were done asm the case D.2.3, yt • g 

s J J iteconrooses at 300®C without melting. 



CisHiACmolwt. 360) 


»/ in vi /fOr>/?C7.VOf ^t/CC/A^ ; 

[(Acetylation of (S-cartmethoxy 4‘hy(froxy {^hcnyl) worcowl siKcin-as-einJ 

The dye (S-carbineliioxy 4-hydroxy |d«iiyl) r«*orcB»l succin-as-cin 
and fiised sodium acetate (3.0g) with ISml of firmly dislilW ant 

were taken in a 50ml round bottom flask with an air oM^siscr The ccmtcn' 
refluxed at BO-UO^’C for about tiarec and hidf4ioura. The hot contents we 


accompanied by constant stirring. It was left ovemigW wticrei^ a 
"down. It^wns filtered. w«hed well »d dried. ' 

h trLd in oven at 80"C and fteo over phosphoroua pentoa.de under reduced 

pressure, yield 0.8g. 

The crystalline hrrtwn acetylated pmd«t. - P- i» »oWe in 
acetone and acetic acid. Its elhanolic sohrtioo is l#t yellow, which tunas .nto 

brown on addition of a drop of an alkali. 

Anal. For : CaHroO, or C„H» 0 , (OC.CH,h ("aol-^t- 

Calc. .C. 61.52; H. 4.67; ace^l. 20.09; 

Found ;C.61.52;H.4.62;ace^l.20.03; 

yu pPiUATum njARBM FTiwxr ±iiymm-£ll!i^ 

niRKOMO RFSORClN ttl SIJCCIN-ASrBllU 

[Bromination of P^iarbmethoxy 44.ydroxy phenyl)^rcinol^««-=i>'-'“^”l 

(1.0g)of resorcinol padded to die 

acid. lO.Og ml of a ^ condenser and contents we 

solntion of the dye. Tta flp* and diluted with a 

refluxed at 130-140 C.J» «» ««ttled down. It was filtered 



and washed well widi watea- coffining awictlc acid and ftmXiy with hoi water to 
remove an excess of brmniiie. It was diisdlwcd in dihifte 8 *hms«>iki caustic soda 
solution and filtered. The filtrate gave tlw brwrao derivitive of the dye m pmdual 
slow addition of dilute hyihrodiaric acid. TTic crude hromwiated dye was fmally 
purified by crystallization firom aqueous alcdiol and drkd at W)V m an oven ai^ 
then in a vacuum desiccator, yield 0.8g. 


The brown coloured amcephous dye, in.p.>3^®C, gives yellowish red 
colour in ethanol which turns into viotet m addition of an alkali. 


Anal. For 

Calc. 

Found 


: Ci 8 Hi 407 Br 2 (mol.wt. 502) 

;C, 43.03; H, 2.79; Br, 31.87; 

: C, 42.98; H, 2.76; acetyl. 31.82; 


/) ’ lit l AIISTIC POTASH 

uvnHfIXi PHEmU S ESORaHOl -Vt/ CXIjL-ffe 'At 

The polasshim hydroxide fiisioo of the dye WM cmied oat as in the case of 

other resorcinol succin-as-eins. As a rraidt three lesidiics were ot^incd 


Residue I: 


m v- M* 

it was identified as the umeacted «aid»<d dye 
*e dye itself. It was confirmed by mixed meltmg pomt deternnnatton with 

original dye. 


Ri’sidue II: 


A the usual test for the fHCScnce of the 

The componnd. m.pM?r*c^e ^ STiydroxy benzoyl) 

carboxylic group and nms J siting pomt 

propionic acid. It was g* authentic sample, 

determination and snpmimpositioo of fte » sp«m wim me 


Residue 111; 


Mc: ....... • I. r 

-n.e purified substance 1 ^ C. It 8» « InioTu 

chloride solution and also red^ inh^ride. On the basis of those 

responded to „ leseremoL It was confinned to be so by 

Acetylation, brtmli^ and 
have been depicted in chart 0* diapter 11. 
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DIES />/:/?/! /:/> FROM 
PHDPH}\tE iCID 


/E ■ ■ ■ 


0-CH2-CHrC (M)H 


DJ.PREPARATIOIS OF 
PROPIOMC ACID: 


iiutitOMi HIM nt \/*n ij 


The acid was prepared aikl isolated hi tibc sante mamiar as die preparation of 
other f -keto acids by carrying out Frie<tel Craft reaetbn between 4-chk»o benzyl 
chloride ( dry AR, 80ml) and mccinic anbydbrkle (lO.Og, about 0.1 mole) in 
presence of anhydrous ahiminum dilrxride (27.0g, abtmt 0.2 iiMik) as tite catalyst. 
The crude acid was washed well with edd water, dried and crystallized from 
benzene/petroleum, ether, meWng pointlCf r.^ yield IS.Og. 


The white crystalline acid is soluble in ether, benzoxe, chkMoform, acetone, 
methanol and acetic acid. 


C11H10CI2Q3 (mol. wt. 271) 


Found 


/)■ ?■ / PREPARA TION OF THE ACETYL DERfVAm 'Kmill^^ 


One gram of the acid and three of fiBcd sodium acetate were refluxed 
with 15ml of freshfy distilled acidic anhydridk at 135-140 C for three and l^f 
hours. The hot contents were poured in a breaker containing ice cold water with 
constant stirring. TTie acetyl cterivative settled down in the form of blackish brown 
solid mass. The coloured acetyl derivative was dissolved in acetone and treated 
with animal charcoal. It was fflteed while hot It was finally crystallized from 
acetone, yield 0.60g, m.p5®^.*-^.?'It is soluble in acetone, ethanol and acetic acid. 

Anal. For. : Ci3H,2W4 or Cuf^ClzOsCCOCHs) (mol. wt. 303) 

Calc :C,Hi. 48:H, 3.96; Cl, 23.43; acetyl, 14.19; 



Found ;C,51.24;H,3.95;a.23.40;acctyU4 13, 

The dyes derived frcm Ae leid can be cmiv«iiatly refsrcwfited by the 
following general formula; 


Phennolic compountl 


Dye molecule 

n 3 2 (5-cUoro 2 -cUoroinethyl phenyl) phenol succin-as-ein. 

Ri = R2 = R4 = R5 = H,R3-OH 

D 3 3 (5-ehloro 2 -ehloromelhyl phenyl) resorcinol succin-as-ein. 

R2 = R4 = R5 = H, Ri = R3 = OH 

D 3 4 (5-chloro 2-chlorome*yl phenyl) catechol succin-asrein. 

R3 = R4 = R5 = H,R. = R! = 0H 

D.3.5 (5-chloro 2-cWoronte*yl phenyl) Mroqninone sucem-as-em 

Rj = Rs = Rs = H> 

D.3.6 (5<hloro 2-chlo«..^^pl»W»)P5^°8*^“ succin-as-em. 



D.3.7 (5-chloro 2-chloroiiKjtfiyl i^uaiyl) {^lorobcinol siwccin-isHsifi 
R 2 = R 4 ~ H, Ri = Rj = R 5 = OH 


D 3.8 (5-chloro 2-chloromethyi fd^yl) rc»on;iiM}l succin-as-cin 

R2=R4 = R5 = H, R, = Rj = O.COCHj 


n 3 9 ( 5-chloro 2-chlOT0iB«diyl phenyl) dihronow) resorcinol su«xin-as*€in 
R5 = H,Ri = R3 = OH;R2 = R^-Br 

n 2 7 Pf/FPA RA TfON O^ fl SI t « 


An intimate mixture of i.5g of tte acMi aim 1 
^ |ian molecular propmtion) as taken in a fcard boiling tj 
to make the contents homogenous. 4-6 <ho^ of con 
added and heating was continued at 145-165 C for six 
the tube becomes brittle on cooling. The ccmrioised 1 
tube and subjected to steam distiHation to remove 
brownish black mass left in the flask was powdered ai 
of sodium hydroxide. It was filtered and toe dy« 
coloured was purified by toe gratoial addition of c 
constant stirring. It was puiifi«i by 
dried in vacuum desiccator , yield l.Sg, m-p 101-103 

The blackish brown dye is sohtole in etoffliok 
The ethanolic solution is almost yellowish brown in < 
an alkali, it becomes pinkish red in colom. 

The purity of the <fye was tested by papCT 
same technique as in odmr phenolic phtahl-as-ems. 

Anal. For 

Calc. :C,SS;H.4:is; 


Found 


PNl'SM 


Imntodm 


*^'***j ** hcwnogeneotti. 6-4 drape of conccMriied suI^uiim: 
acid were ^ded jtered well. Tlie hading was continued at l 50 - 17 oV for 
a ou our oim^i ^ e melt ba:aim; hard and Intttle on cooling ITk awidcnscd 
mass was crus md waited well with mmm to remove cxce*i of resotciiwl. It 
was extracted with 2^ sohithm off aqpeous mm^ so<k sohitton and filtered The 
dye was precipitated as a reddirfi brown solid frimi the fillraic by adding sbwlv 
dilute hydroeWone acid with constant shnmg. The dye was ptnificd by 
crystallization from rectified spfrit, dried in an oven m 80®C and then m a vacuum 
desiccator, yield 2.5g. The redU orai^ crysteHine dye has a m p 86-»8“C Ihe 
ethanolic solution is light red m coloia’ dmt cm additkm of a cfcrqp of an alkali 
changes into yellowish oiai^ grren iucHweaire. The green fliMMescence dorktng 
on addition of a 2% solutiem of caustic soda. 


Anal. For 


Calc. 


• C17H14CI2O4 (moi.wt. 353) 

: C, 57.79; H, 3.97; Ck 20.11; 


Found 


:C, 57.69; H, 3.94; Cl 20.09; 


CA TIX HOL SUCaiS-AS-EIN 


oROMtrnn i put wu 


An intimate mixture of the acid (l.5g) md cateclml (I .Og) was heated on ®i oil 
bath at 100®C to make it homogoious. 2-4 droi^ of ccwicentrated sulphuric mid 
were added and stirred well. Heating was continued at 130-145®C few tiuw hours 
till a hard brittle mass was obtahted on cooling. The isolation and purification was 
done as in the case (5-chloro 2-chlorometiiyl phaayl) resorcinol succin-as-ein, 
yield l.Og. 

The dye is dark brown cty^ailtim soda solutiem, m.p. 1 16-1 18®C. It ethanolic 
solution is brown in colour. With 2% onistic soda solitficMi, it gives blmk colour. 


Anal. For 


: C17H14CI2O4 (ntelwt. 353) 


Calc. 


C, 57.79; H, 3.97; Cl 20.11; 


Found 


C, 57.72; H, 3.93; Cl 20.07; 


lIUmOMETmi Pf/EWf }, 


on an 


An intimate mixtiffe of die amd (l.Og) and hydrociumone (l.Og) was heated 
oil bath at in jMesaicse of 4-6 droj^ of concentrated sulpunc acid at 170- 




1 80®C for four hours. The isolation and the fittrifiaatoii of the d^« were earned owl 
in a manner similar to that described in D.3.3, yieW I Og 

The black shining dye has a m.p. 260-262®C. The ediduiolic solwtiofi is light 
brown which turns into brownish red a>lour <wi addition of a ihop of m alkali 


C17H14CI2O4 (ntokwt. 353 ) 


Found 




P \R (Hi. 1 /- /. OA SUCCIIS-AS-fJN 


irtiiiyite nuKtore of iIms acid ( l.5g) and 
ig tibc mucture whh 5-6 <ir<^ witfi ccwttoOTO'Mw 
140-160® C for about four hours till a brittle mass 
cooling. The isolation and purification was dmic as in die case 


(l.Og) wascameao 
sulphuric acid in an 
was obtained on i 
D.3.3, yield l.Og 

The dye is black fflEsl crystalline in natwre, m.p. 
solution is blackish taown which gives bbek coloiir on addition of a drop ot an 

alkali. 

Anal. For : CnHuChOs (mol.wt. 369) 

Calc. :C, 55.28; H, 3.79; Cl, 19.24; 

Found :C, 55.12; H, 3.74; Cl, 19.19; 

n ? 7 preparation 

PHLOROfil 

The acid (1 5g) and pUoroghicinol (1 .Og) were nuxed 
on an oil bath «, make it 

were added and Ireahng cat^ ont IW-IW C to tour no 

purification was done as in die case D.3.3. yield . g. 

... 



CitH^CIOs (iiK>l.wt. 369) 

C, 55.28; H, 3.79; Cl, 19.24; 
C, 55.19; H, 3 77; Cl. 19.20 


Found 


accompanied by constant stirring. It was left owmigjit whcreupoo a brown solia 
settled down. It was filtrated, wasted well and dried. Tte crude product was 
treated with animal charcoal aad crystallized finom aqueous akdhol atel a littx 
acetic acid. It was dried in oven at 50®C and dicn over phosphorous pentoxidc 
under reduced pressure, yield 0.7g.The crystalline brown ao^lated product, m.p. 
78-80®C is soluble in ethanol, acetone and acete acid. Its cdianolic solution is lif^t 
yellow, which turns into brown oo adkhtkMi of a drop of alkali. 

Anal. For : C2,H,8Cl206 orCnHnCbO^ (OC.CH3) (mol. wt. 437) 

Calc. : C, 57.67; H, 4. 12; Cl, 16.25; Acetyl. 19.68; 

Found : C, Acetyl, 19.59; 

I) ? 9 pRf:PAJRArfON Of M ff UIESMEIMIL,- 

'nr/iFoMO RFmM^Ol SUCaN-A S-fJJL 

[(Bromination of (5-chIoro 2-chloromethyI phenyl) resorcinol!. 

The dye (5-chloro 2-diloroineliiyl ph^l)-rcsorcmol-si^m (l.Og) 

dissolved in minimum quantity of glacial a^ acid. ROg m ^ ® ^ ^ 

„ , • WJIS added to Ae solution of the dye. me iiasK 


the br^ denvative of the dye on tbw addition of dilute hydnKhloric 

acid. e cnids tH'cxnniMed tfyc was finally imnfMMl by oy^alliMiiuwi from 

aqueous alcohol and cW*^ m 80®C in ^ ov«i smd then m a %acmim iksiccator. 

yield 0.5g. 



'Hie brown coloured amcnpiimis dye, m.p.>36^C, gives yellowish red 
colour in ethanol which tun^ into violot on additimi of an alkali 

: ■ C t t l ii 4 (iiK>l.wt. 5^i) 5*0 


: e; 43.03 ; 8r 31 31 


Anal. For 
Calc. 

Found : Gr4i:98; ll; 2:76; ’ac e i ^l. 31 t S 2; O-r 3> IS" 

f^CVWro ^ 

POTASH TRliA TMi-hS T n f ; ^ j 
ii+i)l{ f ^h ¥ PH EM LI RESORLINOl. Sl’iCiS~AS~i I S: 

The potassium hydroxnie hiskm of the drye vi/m canriedi out «i in die case of 
other resorcinol succin-as-eins. As a lesuh durw residims were olHaiiMid. 


Residue I: 


It was identified as the unreacted re^kiual dye giving all colour reactkms of 
the dye itself. It was cemfirmed mixed meltiiig point dcterminaticMi with the 
original dye. 

Residue II: 

The compound, m.r|ave ’to|^mtgl|est for presence of die carboxylic 
group and was identified as fi - {f ?^1^ ( ^xy benzoyl) propionic acid. 

It was confirmed to be d^ acid by mixed melting point ckstermmatioii ami 
superimposition of the IR spectra with the aud^mtic sample. 


Residue HI: 

The purified substance melted at 109-1 10®C. It gave violet colour with ferric 
chloride solution and also rediKJed Tolly’s reagent and Fchling solution. It 
responded to fluorescence test widi fdidiaiiG aaafaydraie. On flie basis of those 
observations, the residue III identifbd as resorcinol It was confirmed to be so by 
mixed melting point determination with an authentic sample of resorcinol. 

Acetylation, bromination mid caustic potosh treatment reactions of the dye 
have been placed in chart F, diapterll. 
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u i/' 


0-< Hr< Hr< <KIII 


I u ’/-.A \Pii imni I pMoinmi h h) 


The acid was prqMBi^ ^ isokted by cairying CNtt Fricdcd-Crafts reaclkm 
between acenaphthene and succin anhydride in presence of anhydrmis chl<Mri<k m a 
similar manner as described for A.4 chapter III. The acid was cfystaliised from aqwous 
ethanol in the form of coloiiricss needks, m.p. 21b-2l8"C. The jM:id is soluble in ethanol, 
ether, chloroform and spirmgly sohibb in benzene and insohibb in cmhomlisulphide. 


Found 


ia:nij>hHn_un} na, 


The acetyl derivative of the acid was prepared and purifioi in similar way as the 
preparation of acetyl derivative of other / -keto acids, yield o.70g. m.p. 170-172 C. It is 
soluble in chloroform, acetone, ethanol and acetic acid. 


for. ;Ci 6 Hi 303 (COCH 3 )(mol.wt. 2 %) 

: C, 64.86; H, 4.39; acetyl. 16.32; 

: C, 64.75; H, 4.37; ^jetyl 16.14; 

The dyes prepared from the acid mi^ be n^esented by the following general 


Found 


formula 
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Plietituiiic a)rrip«.n}nd 


D.4.2 (3- Acenaphthyl) phenol succin-as-ein 
Ri = R2 = R4 = Rs = H;R3 = OH 


D.4.3 (3-Acenaphthyl) resorcinol succm-as-ein 

R2 = R4 = R5 = H; Ri =R3 = OH 


D.4.4 (3-Acenaphthyl) catechol succin-as-ein 


D.4.5 (3-Acenaphthyl) hydroquinone succin-as-ein 

R2 = R3 = R5 = H;Ri=R4 = OH 


D.4.6 (3-Acenaphthyl) pyrogallol succin-as-ein 

R4 = R5=H;Ri = R2 = R3=OH 


D 4.7 (3-Acenaphthyl) phlorogiucinol succin-as-ein 




D.4.8 (3-Acenaphthyl) d^etyl resorcinol succin-as^tn 
R2 = R4= R5 = H; R, = R, = OCOCH3 


D.4.9 (3-Acenaphthyl) dibromo reswcinol succin-as-cm 
R5 = H; R2 == ^ 4 = Br; Ri = Rj * OH 


/). 4. J ( J- 1 c 7- i PinjnL) P HhM)l St Cil I.s - 1 7 s 


The dye was prepared by ccmdeming the acid { 1 .5g) md phcncd ( 1 .2g) in facscaice 
of 5-6 drops of concentrated sidpliiirk acid The he^ng was carried out for sot hours at 
I50-170°C, till brittle mass on cooling was obteined. Excms of piMmol was ranov^ by 
steam distillation. The isolation and pinification of die %e wwe done in the i»nre raanwer 
as described in case of other phenol dyes. The insity of due dye was dom by pi^iw 
chromatography. 

The green coloured dye has, m.p. 1 14-n6®C. Its ethanolic solirtion is li^ yellow 
in colour, which turns into piidc tm adding a dnop of alkali. With strong alkali it gives 
pinkish red colour. 

Anal. For. : C22H18O3 (mol. wt. 330) 


Found 


NAPHTHriJ^RESOSCINOlSVCaN-^^^^^^^ 


The dye was prepared by ccmdensmg (he acki (3.0g) and rraorcinol (2.5g) by using 
6-8 drops of concentrated sulphuric acid as condensing agent. Heating was continued for 
four hours at 120-140°C, till brittle mass was obtain^ on cooling. The isolation and 
purification of the dye were done in the same mmmra’ aa in dw case of A 4.3 chapter 111, 
yield 2.6g. 

The micro crystalline dye, red in cokmr has 298-300*^C. Its ethanolic solution is 
yellow in colour which turns into yellowish m-an^ with green flurescence on addition of 
a drop of alkali. In stremg basic medium it giv<^ yellowish orange colour with intense 
green fluorescence. 

Anal. For. : C22H18O4 (mol. wt. 346 ) 


- 214 - 



The dye was prepared isolated &piirifled in the same maniKr as described in the 
case of A.4.3. Chapter III by coi^bnsmg the acid (l.5g) and catechol (1 5g) at a 
tenniperature 130-1 40”C, yield 0.8g. 

The dye is dark brown in coknir, m.p. SOO^C. Ite eth»K>iic elution ts brown in 
colour which turns into bluish green on addititm of alkali. 


Found 


Condensation of the acid (l.Sg) and hydroquinciiie (l.5g) wm carried out at 170- 
180°C for four hours by using concentrate sul|diuric acid 6-8 drops as condensing agent. 
Isolation and purification of the dye were d(M^ in a similar numno' as doscribai in the 
case of A.4.3 chapter III, yield 60%. 

The dark brown dye has m.p. 202-204®C.Its edianolic solution is reddi^ brown in 
colour which turns into purple cm additiem of ^kalt. 

Anal. For. ; C22H18O4 (mol. wt. 346) 

Cala. :C, 76.30; H, 5.20; 

Found : C, 76.26; H, 5.17; 

n.4.6 (3-ACENAPHTHYl) PYROGAUM 

The dye was prepared by coodeming the acM ( 1 -Og) and pyrogallol ( 1 .2g) in an oil 
bath at a temperature 160-170®C for about five hours in presence of concentrated 
sulohuric acid (6-8 drops) as coi^nsing agent. Tte #e was isolated and purified as the 


f 


■ 



ri. In ntrtMtg M^tt; mcamm t 


shows blue-black colour, 


Found 


< imn m < 1 1 \. i . v - f /% 


The^acid (l.5g) and phlorogliMsinol (l.5g) ware ccNMkmsed by hatting tftt: mixtonrc 
at 180-200 C, for about three and half hows in an oil tmdi on in’ctence of concentrattol 
sulphuric acid (4-6 drops). The dye was isolated and purified m Ac dye A.4.3 chapter 
III, yield 1 .2g. 

The light brown coiouied dye has m.p. 240®C (decomp). It gives UnA* brown 
colour with eAanol which becomes dark brown m achitag a <frop of alkali. In ^cmg basic 
medium it gives dark brown colour. 


m Anal. For. : C 22 H 18 O 5 (mol. wt. 362) 


Found 


The dye 3-acenaphAyI resorcinol succin-as-ein was aceiylated in Ae same way as 
described in Ae case of acetylahoQ of A.4.8 chiqtter III. TTie crude yellow product was 
treated wiA animal charcoal and crystallised fium aqueous ethwiol in presaace of 4-5 
drops of acetic acid, yield 6 (^. 

The acetylated yellowish white, aiiK>r^ioii^ derivative has m.p. 140-142*^C. It is 
soluble in eAanol, acetone and acetic acid. 


Anal. For. : C22H16O4 (COCH3 >2 (mol. wt. 362 ) 






Pound 




/? ^ ^ \JJliL\lf£Jz ACliS' iPH Tif i f Kfsom i stu si i t j\. i_s_/ i\ ^ 

(3-Acenaphthyl dilnt>ino rc^rciiK)! sitccni-^*€iii) 

The dibromo derivative of dws dye (3>iceii^>Miyl res<cm:ifK»i succin-as-emi 
prepared, purified and crystallised in a similar irauiner as described in the case t>f A 4 9 
chapter III, yield 60%. 

The red microciystallinc dye has m.p. 130-I32®C. Its ethanolic solmkHi is ycltow 
in colour, which turns into yellowish orange widi grmi fluorescence m adding a drop of 
alkali. In strong basic medium it giv<» 4etep nwi colcHir. 

Anal. For. ;C22Hi604Br2 (mol. wt.504) 


Found 


Caustic potash treatment of die dye was doiw as A.4.10 chapter III. Tlw! following 
three residues were obtained. 

R csithtf ( 1): 

It was identified to be the unreacted residual dye fiom its colour reactions and 
confirmed by mixed melting point determination. 

Residue iU): 

The yellowish white compound, m.p 216-2 18®C, gave the usual test of a carboxyl 
group and was identification as ;0-(3-accnaphthoyl) propinoic acid and was confirm^ by 
mixed point determination and superimpositicHi of IR spectra with mithantic sample. 


The brownish red residue was purified ami was idmitified to be resorcinol from its 
colour reactions and confinned by mixed meltiitg point determination with authentic 
sample. 

Bromination , acetylation and caustic pota^ frisicMi of the dye was ^own in Chart 
H chapter 11. 




iittyptx 




max 


max 


Phenolphthalein analogue 560 nm (alkaline medimn); Fluores^tn analogue 4^ 
nm (neutral medium), 510 nm (alkaline m^um); Eosin analogue 530 nm (neutral 
medium), 540 nm (alkaline medium) were determined. 


of succin-as-eins 


max 


Fluorescein analogue 480485 nm (neuaal moiium), 490-5(X) nm (alkaline 
medium) were determined. 
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